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RCA  High-Speed  CMOS  Logic 
Integrated  Circuits 


The  RCA  HC/HCT  series  of  high-speed  CMOS  logic  inte- 
grated circuits  include  an  extensive  line  of  products  that  are 
pin  compatible  with  many  existing  bipolar  54/74  LSTTL  and 
CMOS  4000  series  of  digital  logic  types.  The  new  HC/HCT 
series  IC's  provide  high-speed  CMOS  replacements  for  the 
most  popular  LSTTL  devices  in  existing  designs  and  also 
offer  low-power  all-CMOS  designs  for  new  digital  systems. 
Key  family  features  of  the  RCA  HC/HCT  types  include: 

•  Speeds  equivalent  to  LSTTL  types  with  typical  gate  delays 
of  8  ns 

•  Fanout  to  10  74  LSTTL  loads;  15  loads  using  Bus  Driver 
54/74  types. 

•  Operating  frequencies  equivalent  to  LSTTL  types,  typical- 
ly 50  MHz. 

•  The  high  voltage  noise  immunity  characteristic  of  CMOS, 
typically  45  percent  of  Vcc,  a  two  to  three  times  improve- 
ment over  LSTTL.  (HC-Series  types.) 

•  Wide  range  of  power  supply  operating  voltages,  2  to  6 
volts. 

•  CMOS  low  static  power  consumption,  typically  less  than  1 
microwatt. 

With  the  broad  line  of  CMOS  MSI  function  types  currently 
available,  together  with  performance  offered  by  the  RCA 
HC/HCT  series  of  high-speed  CMOS  integrated  circuits, 
the  designer  need  not  sacrifice  speed  for  power  consump- 
tion. Add  the  other  classical  advantages  of  CMOS,  includ- 
ing high  noise  immunity  and  wide  power  supply  and 
temperature  ranges,  and  the  decision  to  use  high-speed 
CMOS  logic  is  the  choice  for  the  80's.  This  family  provides 
for  the  design  of  more  cost-effective  systems  to  serve  high- 
speed market  applications. 

The  RCA  product  line  consists  of  CD54/74HC-series  types, 
which  feature  CMOS  input  voltage  level  compatibility  and 
CD54/74HCT-series  types,  which  are  input  voltage  level 
compatible  with  LSTTL  devices.  The  line  also  includes  a 
limited  number  of  single-stage,  unbuffered  inverter  types 
(CD54/74HCU-series)  for  added  versatility  in  oscillator  and 
amplifier  applications. 

A  general  information  section  defines  the  distinguishing 
characteristics  of  each  product  series  and  provides  charac- 
teristic data  and  classification  and  selection  charts. 

The  data  pages  include  a  description,  special  features,  truth 
tables  and/or  timing  diagrams,  and  significant  dynamic 
electrical  characteristics. 

The  data  sections  are  followed  by  a  Dimensional  Outlines 
section. 
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Description 

Pins 

Plastic  Pkg. 

CERDIP 

Plastic  Pkg. 

CERDIP 

CD74HC00E.M 

CD54HC00F 

CD74HCT00E.M 

CD54HCT00F 

48 

Qusd  2-lnput  NAND  Gats 

14 

CD74HC02E,M 

CD54HC02F 

CD74HCT02E,M 

CD54HCT02F 

52 

Quad  2-lnput  NOR  Gate 

14 

CD74HC03E.M 

CD54HC03F 

CD74HCTQ3E.M 

CD54HCT03F 

56 

Quad  2-lnput  NAND  Gate  with  Open  Drain 

14 

*CD74HC04E,M 

•CD54HC04F 

CD74HCT04E.M 

CD54HCT04F 

60 

Hex  Inverter/Buffer 

14 

CD74HC08E.M 

CD54HC08F 

CD74HCT08E.M 

CD54HCT08F 

64 

Quad  2-lnput  AND  Gate 

14 

CD74HC10E.M 

CD54HC10F 

CD74HCT10E.M 

CD54HCT10F 

68 

Triple  3-lnput  NAND  Gate 

14 

CD74HC1 1  E,M 

CD54HC11F 

CD74HCT1 1  E,M 

CD54HCT11F 

72 

Triple  3-lnput  AND  Gate 

14 

CD74HC14E,M 

CD54HC14F 

CD74HCT14E.M 

C054HCT14F 

76 

Hex  Inverting  Schmitt  Trigger 

14 

CD74HC20E.M 

CD54HC20F 

CD74HCT20E.M 

CD54HCT20F 

80 

Dual  4-lnput  NAND  Gate 

14 

CD74HC21E.M 

CD54HC21F 

CD74HCT21E.M 

CD54HCT21F 

84 

Dual  4-lnput  AND  Gate 

14 

CD74HC27E.M 

CD54HC27F 

CD74HCT27E.M 

CD54HCT27F 

88 

Triple  3-lnput  NOR  Gate 

14 

CD74HC30E.M 

CD54HC30F 

CD74HCT30E.M 

CD54HCT30F 

92 

8-lnput  NAND  Gate 

14 

OUf4rK^o^h,M 

CD74HCT32E.M 

CD54HCT32F 

96 

Quad  2-lnput  OR  Gate 

14 

CD74HC42E.M 

CD54HC42F 

CD74HCT42E.M 

CD54HCT42F 

100 

BCD-to-Decimal  Decoder  (1-to-10) 

16 

CD74HC73E.M 

CD54HC73F 

CD74HCT73E.M 

CD54HCT73F 

104 

Dual  J-K  Rip-Flop  w/RESET 

14 

CD74HC74E.M 

CD54HC74F 

CD74HCT74E.M 

CD54HCT74F 

109 

Dual  D  Flip-Flop  w/SETand  RESET 

14 

CD74HC75E.M 

CD54HC75F 

CD74HCT75E.M 

CD54HCT75F 

114 

Dual  2-Bit  Bistable  Transparent  Latch 

16 

CD74HC85E.M 

CD54HC85F 

CD74HCT85E.M 

CD54HCT85F 

119 

4-Bit  Magnitude  Comparator 

16 

CD74HC86E.M 

CD54HC86F 

CD74HCT86E.M 

CD54HCT86F 

125 

Quad  2-lnput  EXCLUSIVE-OR  Gate 

14 

CD74HC93E,M 

CD54HC93F 

CD74HCT93E.M 

CD54HCT93F 

129 

4-Bit  Binary  Ripple  Counter 

14 

CD74HC107E.M 

CD54HC107F 

CD74HCT107E.M 

CD54HCT107F 

134 

Dual  J-K  Flip-Flop  w/RESET 

14 

CD74HC109E,M 

CD54HC109F 

CD74HCT109E.M 

CD54HCT109F 

139 

Dual  J-K  Flip-Flop  w/SET  and  RESET 

16 

CD74HC112E.M 

CD54HC1 12F 

CD74HCT112E.M 

CD54HCT112F 

144 

Dual  J-K  Flip-Flop  w/SET  and  RESET 

16 

CD74HC123E.M 

CD54HC123F 

CD74HCT123E,M 

CD54HCT123F 

149 

Dual  Retriggerable  Monostable  Multivibrator  w/RESET 

16 

CD74HC125E.M 

CD54HC125F 

CD74HCT125E,M 

CD54HCT1 25F 

155 

Quad  3-State  Buffer 

14 

CD74HC126E.M 

CD54HC126F 

CD74HCT126E.M 

CD54HCT126F 

160 

Quad  3-State  Buffer 

14 

CD74HC132E,M 

CD54HC132F 

CD74HCT132E.M 

CD54HCT132F 

165 

Quad  2-lnput  NAND  Schmitt  Trigger 

14 

CD74HC137E,M 

CD54HC137F 

CD74HCT137E.M 

CD54HCT137F 

634 

3-to-8  Line  Decoder  w/Latch,  Inverting 

16 

CD74HC138E,M 

CD54HC138F 

CD74HCT138E.M 

CD54HCT138F 

169 

3-to-8  Line  Decoder/Demultiplexer,  Inverting 

16 

CD74HC139E.M 

CD54HC139F 

CD74HCT139E.M 

CD54HCT139F 

174 

Dual  2~of-4  Line  Decoder/Demultiplexer 

16 

CD74HC147E.M 

CD54HC147F 

CD74HCT147E.M 

CD54HCT147F 

179 

10  to  4  Line  Priority  Encoder 

16 

CD74HC151  ErM 

CD54HC151 F 

CD74HCT151E.M 

CD54HCT151 F 

184 

8-lnput  Multiplexer 

16 

CD74HC153E.M 

CD54HC153F 

CD74HCT153E.M 

CD54HCT153F 

189 

Dual  4-lnput  Multiplexer 

16 

CD74HC154E.M 

CD54HC154F 

CD74HCT154E.M 

CD54HCT154F 

194 

4-to-16-Line  Decoder/Demultiplexer 

24 

CD74HC157E.M 

CD54HC1 57F 

CD74HCT1 57E.M 

CD54HCT157F 

200 

Quad  2-lnput  Multiplexer 

16 

CD74HC158E.M 

CD54HC158F 

CD74HCT158E.M 

CD54HCT158F 

200 

Quad  2-lnput  Multiplexer  Inverting 

16 

CD74HC160E,M 

CD54HC160F 

CD74HCT160E.M 

CD54HCT160F 

205 

Synchronous  BCD  Decade  Counter,  Asynchronous  Reset 

16 

CD74HC161  E,M 

CD54HC161 F 

CD74HCT161  E.M 

CD54HCT161 F 

205 

Synchronous  4-Bit  Binary  Counter,  Asynchronous  Reset 

16 

CD74HC162E,M 

CD54HC162F 

CD74HCT162E.M 

CD54HCT162F 

205 

Synchronous  BCD  Decade  Counter.  Synchronous  Reset 

16 

CD74HC163E,M 

CD54HC163F 

CD74HCT163E.M 

CD54HCT163F 

205 

Synchronous  4-Bit  Binary  Counter,  Synchronous  Reset 

16 

CD74HC164E,M 

CD54HC164F 

CD74HCT164E.M 

CD54HCT164F 

215 

o  oil  oeridi-Hi  rdf  diiei-*-/ui  onm  negibter 

14 

CD74HC165E,M 

CD54HC165F 

CD74HCT165E.M 

CD54HCT165F 

220 

8-Bit  Parallel-In  Serial-Out  Shift  Register 

16 

CD74HC166E.M 

CD54HC166F 

CD74HCT166E.M 

CD54HCT166F 

226 

8-Bit  Parallel-In  Serial-Out  Shift  Register 

16 

CD74HC173E.M 

CD54HC173F 

CD74HCT173F.M 

CD54HCT173F 

232 

Quad  D  Flip-Flop.  3-State 

16 

CD74HC1 74E.M 

CD54HC174F 

CD74HCT174E,M 

CD54HCT174F 

238 

Hex  D-Type  Flip-Flop  w/RESET 

16 

CD74HC175E,M 

CD54HC175F 

CD74HCT175E.M 

CD54HCT175F 

243 

Quad  D-Type  Flip-Flop  w/RESET 

16 

CD74HC181E.M 

CD54HC181F 

CD74HCT181E.M 

CD54HCT181F 

248 

4-Bit  Arithmetic  Logic  Unit 

24 

CD74HC182E.M 

CD54HC182F 

CD74HCT182E.M 

CD54HCT182F 

254 

Look-Ahead  Carry  Generator 

16 

CD74HC190E.M 

CD54HC190F 

CD74HCT190E.M 

CD54HCT190F 

260 

Presettable  Synchronous  BCD  Decade  Up/Down  Counter 

16 

CD74HC191E.M 

CD54HC191F 

CD74HCT191E.M 

CD54HCT191F 

260 

Synchronous  4-Bit  Binary  Up/Down  Counter 

16 

CD74HC192E.M 

CD54HC192F 

CD74HCT192E.M 

CD54HCT192F 

269 

Synchronous  BCD  Decade  Up/Down  Counter 

16 

CD74HC193E.M 

CD54HC193F 

CD74HCT193E.M 

CD54HCT193F 

269 

Synchronous  4-Bit  Binary  Up/Down  Counter 

16 

CD74HC194E.M 

CD54HC194F 

CD74HCT194E,M 

CD54HCT194F 

279 

4-Bit  Bidirectional  Universal  Shift  Register 

16 

CD74HC195E.M 

CD54HC195F 

CD74HCT195E.M 

CD54HCT195F 

285 

4-Bit  Parallel  Access  Shift  Register 

16 

CD74HC221E.M 

CD54HC221F 

CD74HCT221E.M 

CD54HCT221F 

291 

Dual  Monostable  Multivibrator  w/RESET 

16 

CD74HC237E.M 

CD54HC237F 

CD74HCT237F.M 

CD54HCT237F 

635 

•3-to-o-Line  Decoder/Demultiplexer  w/Address  Latches 

16 

CD74HC238E,M 

C054HC238F 

CD74HCT238E.M 

CD54HCT238F 

169 

3-to-8-Line  Decoder/Demultiplexer 

16 

CD74HC240E.M 

CD54HC240F 

C  D74  HCT240E ,  M 

CD54HCT240F 

298 

Octal  Buffer  Line  Driver,  3-State,  Inverting 

20 

CD74HC241  E,M 

CD54HC241F 

CD74HCT241E.M 

CD54HCT241F 

298 

Octal  Buffer  Line  Driver,  3-State 

20 

CD74HC242E.M 

CD54HC242F 

CD74HCT242E.M 

CD54HCT242F 

304 

Quad-Bus  Transceiver,  3-State,  Inverting 

14 

CD74HC243E.M 

CD54HC243F 

CD74HCT243E.M 

CD54HCT243F 

304 

Quad  Bus  Transceiver  3  State 

14 

U  U  /  4  H  (-.244  b ,  M 

CD54HC244F 

CD74HCT244E,M 

CD54HCT244F 

298 

Octal-Buffer  Line  Driver,  3-State 

20 

CD74HC245E.M 

CD54HC245F 

CD74HCT245E,M 

CD54HCT245F 

310 

Octal-Bus  Transceiver,  3-State 

20 

CD74HC251E,M 

CD54HC251F 

CD74HCT251  E,M 

CD54HCT251 F 

315 

8-lnput  Multiplexer,  3-State 

16 

CD74HC253E.M 

CD54HC253F 

CD74HCT253E.M 

CD54HCT253F 

321 

Dual  4-lnput  Multiplexer,  3-State 

16 

CD74HC257E,M 

CD54HC257F 

CD74HCT257E.M 

CD54HCT257F 

326 

Quad  2-lnput  Multiplexer,  3-State;  Non-Inverting  Outputs 

16 

CD74HC258E.M 

CD54HC258F 

CD74HCT258E.M 

CD54HCT258F 

Quad  2-lnput  Multiplexer,  3-State;  Inverting  Outputs 

16 

CD74HC259E.M 

CD54HC259F 

CD74HCT259E.M 

CD54HCT259F 

335 

8-Bit  Addressable  Latch 

16 

CD74HC273E.M 

CD54HC273F 

CD74HCT273E.M 

CD54HCT273F 

342 

Octal  D-Type  Flip-Flop  W/RESET 

20 

•CD54/74HCU04.  unbuffered  version  also  available. 
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Description 

Pins 

Plastic  Pkg. 

CERDIP 

Plastic  Pkg. 

CERDIP 

CD74HC280E.M 

CD54HC280F 

CD74HCT280E.M 

CD54HCT280F 

347 

9-Bit  Odd/Even  Parity  Generator/Checker 

14 

CD74HC283E.M 

CD64HC283F 

CD74HCT283E.M 

C054HCT283F 

351 

4-Bit  Full  Adder  w/Fast  Carry 

16 

CD74HC297E.M 

CD54HC297F 

CD74HCT297E.M 

CD54HCT297F 

356 

Digital  Phase-Locked  Loop  Filter 

16 

CD74HC299E.M 

CD54HC299F 

CD74HCT299E.M 

CD54HCT299F 

363 

8- Bit  Universal  Shift  Register,  3-State 

20 

CD54HC354F 

CD74HCT354E.M 

CD54HCT354F 

370 

8-lnput  Multiplexer/Register,  3-State 

20 

CD74HC356E.M 

CD54HC356F 

CD74HCT356E.M 

C054HCT356F 

370 

8-lnput  Multiplexer/Register,  3-State 

20 

CD74HC365E.M 

CDS4HC365F 

CD74HCT365E.M 

CD54HCT365F 

380 

Hex  Buffer/Line  Driver,  3-State 

16 

CD74HC366E,M 

CD54HC366F 

CD74HCT366E.M 

CD54HCT366F 

380 

Hex  Buffer/Line  Driver,  3-State,  Inverting 

16 

CD74HC367E,M 

CD54HC367F 

CD74HCT367E.M 

CD54HCT367F 

385 

Hex  Buffer/Line  Driver,  3-State 

16 

CD74HC368E  M 

CD54HC368F 

CD74HCT368E.M 

CD54HCT368F 

365 

Hex  Buffer/Line  Driver,  3-State,  Inverting 

16 

CD74HC373E.M 

CD54HC373F 

CD74HCT373E.M 

CD54HCT373F 

390 

Octal  Transparent  Latch,  3-State 

20 

CD74HC374E.M 

CD54HC374F 

CD74HCT374E.M 

CD54HCT374F 

396 

Octal  D  Flip-Flop,  3-State 

20 

CD74HC377E.M 

CD54HC377F 

CD74HCT377E,M 

CD54HCT377F 

401 

Octal  D-Type  Flip-Flop  with  Data  Enable 

20 

CD74HC390E.M 

CD54HC390F 

CD74HCT390E.M 

CD54HCT390F 

407 

Dual  Decade  Ripple  Counter 

16 

CD74HC393E.M 

CD54HC393F 

CD74HCT393E.M 

CD54HCT393F 

413 

Dual  4-Bit  Binary  Ripple  Counter 

14 

CD74HC423E.M 

CD54H0423F 

CD74HCT423E.M 

CD54HCT423F 

149 

Dual  Retriggerable  Monostable  Multivibrator  with  Reset 

16 

CD74HC533E.M 

CD54HC533F 

CD74HCT533E.M 

CD54HCT533F 

418 

Octal  Transparent  Latch,  3-State,  Inverting 

20 

CD74HC534E.M 

CD54HC534F 

CD74HCT534E.M 

CD54HCT534F 

424 

Octal  D  Flip-Flop,  3-State,  Inverting 

20 

CD74HC540E.M 

CD54HC540F 

CD74HCT540E.M 

CD54HCT540F 

429 

Octal  Buffer  Line  Driver,  3-State,  Inverting 

20 

CD74HC541 E  M 

CD54HC541 F 

CD74HCT541E  M 

CD54HCT541 F 

429 

Octal  Buffer  Line  Driver,  3-State 

20 

CD74HC563E.M 

CD54HC563F 

0D74HCT563E.M 

CD54HCT563F 

418 

Octal  Transparent  Latch,  3-State,  Inverting 

20 

CD74HC564E.M 

CD54HC564F 

CD74HCT564E.M 

CD54HCT564F 

424 

Octal  D  Flip-Flop,  3-State.  Inverting 

20 

CD74HC573E.M 

CD54HC573F 

CD74HCT573E.M 

C054HCT573F 

390 

Octal  Transparent  Latch,  3-State 

20 

396 

Octal  D  Flip-Flop,  3-State 

20 

434 

4-Bit  BCD  Full  Adder  w/Fast  Carry 

16 

CD74HC597E.M 

CD54HC597F 

CD74HCT597E.M 

CD54HCT597F 

636 

8-Bit  Shift  Register  with  Input  Storage 

16 

CD74HO640E.M 

CD54HC640F 

CD74HCT640E.M 

CD54HCT640F 

439 

Octal  Bus  Transceiver,  3-State,  Inverting 

20 

CD74HC643E.M 

CD54HC643F 

CD74HCT643E.M 

CD54HCT643F 

439 

Octal  Bus  Transceiver,  3-State,  True/Inverting 

20 

LiU/4MUo4Dt,M 

r*  r>  cla  u  r*KA  ft  p 

LU/4MO  1  04ot,M 

OU34MO  1  D4or 

444 

Octal  Bus  Transceiver/ Register.  3-State 

24 

/"*  ri7 d  u  PfidAF  M 

KjUi  tnLjOHOC.ivi 

Pn7AI-IPTftilflF  lul 

tnij  i  omoc.ivi 

444 

Octal  Bus  Transceiver/Register,  3-State,  Inverting 

24 

CD74HC670E.M 

CD54HC670F 

C  D74H  CT670E ,  M 

CD54HCT670F 

451 

4x4  Register  File,  3-State 

16 

CD74HC688E.M 

CD54HC688F 

CD74HCT688E.M 

CD54HCT688F 

458 

8-Blt  Magnitude  Comparator 

20 

CD74HC4002E.M 

CD54HC4002F 

CD74HCT4002E.M 

CD54HCT4002F 

462 

Dual  4-lnput  NOR  Gate 

14 

Pn74HP4m  <iF  M 

pnsiHPim'.F 

PD'i4HPT4ni£,F 

466 

Dual  4-Stage  Static  Shift  Register 

16 

Pn74HP4nifiF  u 
l_.lj / HnvyHJ  I DC  [VI 

ufjHn^U  I  or 

p  n<^4  i-i  p  Tin  1  rf 

637 

Quad  Bilateral  Switch 

14 

CD74HC4017E.M 

CD54HC4017F 

CD74HCT4017E.M 

CD54HCT4017F 

472 

Decade  Counter/Divider  with  10  Decoded  Outputs 

16 

CD74HC4020E.M 

CD54HC4020F 

CD74HCT4020E.M 

CD54HCT4020F 

478 

14-Stage  Binary  Ripple  Counter 

16 

CD74HC4024E.M 

CD54HC4024F 

CD74HCT4024E.M 

CD54HCT4024F 

483 

7-Stage  Binary  Ripple  Counter 

16 

pn^HParwiF 

pn74MPT4ruinF  m 

488 

12-Bit  Binary  Counter 

16 

Pn74HP4fldfiAF  KA 

PrT\4HP4/WiAF 

Pn7dHPT4/MfiAF  M 

\jUi *rriLi  i  4U4omc,ivi 

P  n      M  P  TifMR  A  F 

493 

Phase-Locked  Loop  with  VCO 

16 

CD74HC4049E,M 

CD54HC4049F 

— 

— 

510 

Hex  Inverting  HIGH-to-LOW  Level  Shifter 

16 

CD74HC4O50E.M 

CD54HC4050F 

— 

— 

510 

Hex  HIGH-to-LOW  Level  Shifter 

16 

CD74HC4051  E,M 

CD54HC4051F 

CD74HCT4051E.M 

CD54HCT4051F 

514 

8-Channel  Analog  Multiplexer/Demultiplexer 

16 

PflRAHPjlfWOF 

UUMrHj  [  4UD£r 

514 

Dual  4-Channel  Analog  Multiplexer/Demultiplexer 

16 

pn7dHPiinRiF  lui 

pni<ii-i  Pi/mi  f 

KjUi  *+nv-'  1 4Uoot,ivi 

LiU54nl_i  1  4UDor 

514 

Triple  2-Channel  Analog  Multiplexer/Demultiplexer 

16 

CD74HC4059E.M 

CD54HC4059F 

CD74HCT4059E.M 

CD54HCT4059F 

523 

Programmable  Divide  by  "N"  Counter 

24 

CD74HC4060E.M 

CD54HC4060F 

CD74HCT4060E,M 

CD54HCT4O60F 

530 

14-Stage  Binary  Counter  w/Oscillator 

16 

CD74HC4066E.M 

CD54HC4066F 

CD74HCT4066E.M 

CD54HCT4066F 

536 

Quad  Bilateral  Switch 

14 

L-rLJD4nw4UO/  1 

l_/L//  4r11_*  1  4UO  r  t.lvl 

r*r~\z.A\-ir'TAfvi7t: 
ijU04r10  1  4UO/r 

542 

16-Channel  Analog  Multiplexer/Demultiplexer 

24 

CD74HC4075E  M 

CD54HC4075F 

Pri7;ll-iPTAn7(;p  \A 

rnMM  /^Ti/i7K  p 

LyUj*TnL»  1  HU/O" 

548 

Triple  3-lnput  OR  Gate 

14 

CD74HC4094E.M 

CD54HC4094F 

CD74HCT4094E.M 

CD54HCT4094F 

552 

8-Stage  Shift-and-Store  Bus  Register 

16 

CD74HC4316E,M 

CD54HC4316F 

CD74HCT4316E.M 

CD54HCT4316F 

638 

Quad  Analog  Switch 

16 

CD74HC4351E,M 

CD54HC4351F 

CD74HCT4351E.M 

CD54HCT4351F 

638 

Analog  MUX  w/Latch 

20 

rn7iurTdv;oc  ka 

UUHnU  1  4oO£t,IVl 

639 

Analog  MUX  w/Latch 

20 

CD74HC4353E  M 

CD54HC4353F 

CD74HCT4353E  M 

CD54HCT4353F 

639 

Analog  MUX  w/Latch 

20 

CD74HC4510E.M 

CD54HC4510F 

CD74HCT4510E.M 

CD54HCT4510F 

559 

Up/Down  Counter,  BCD 

16 

CD74HC451 1  E.M 

CD54HC4511F 

CD74HCT4511E.M 

CD54HCT4511F 

569 

BCD-to-7-Segment  Latch/Decoder/Driver 

16 

CD74HC4514E.M 

CD54HC4514F 

CD74HCT4514E.M 

CD54HCT4514F 

574 

4-to-16-Line  Decoder/Demultiplexer  w/lnput  Latch 

24 

CD74HC4515E.M 

CD54HC4515F 

Pn74HPT4^1  <;f  m 

Pni4HPT4A1'iF 

574 

4-to-16-Line  Decoder  with  Input  Latches 

24 

Pri74HP.4Ii1fiF  KA 

uuj**n\jHj  lor 

UUf^nU  1  **0  1  DC,iVl 

PrmiHPTiRIRF 

559 

Up/Down  Counter,  Binary 

16 

CD74HC4518E.M 

CD54HC4518F 

CD74HCT4518E.M 

CD54HCT4518F 

580 

Dual  Synchronous  BCD  Counter 

16 

CD74HC4520E.M 

CD54HC4520F 

CD74HCT4520E.M 

CD54HCT4520F 

580 

Dual  4-Bit  Synchronous  Binary  Counter 

16 

CD74HC4538E.M 

CD54HC4538F 

CD74HCT4538E.M 

CD54HCT4538F 

586 

Dual  Precision  Monostable  Multivibrator 

16 

CD74HC4543E.M 

CD54HC4543F 

CD74HCT4543E.M 

CD54HCT4543F 

594 

BCD-to-7-Segment  Latch/Decoder/Driver  for  LCDs 

16 

CD74HC7030E 

CD74HCT7030E 

640 

9-Bit  x  64  Word  FIFO  Register.  3-State 

28 

CD74HC7038E.M 

CD54HC7038F 

CD74HCT7038E.M 

CO54HCT7038F 

641 

9-Bit  Bus  Transceiver  w/Latch 

24 

CD74HC7046E.M 

CD54HC7046F 

CD74HCT7046E.M 

CD64HCT7046F 

641 

Phase-Locked  Loop  with  In-Lock  Detection 

16 

CD74HC7266E.M 

CD54HC7266F 

600 

Quad  Exclusive  NOR  Gate 

14 

CD74HC40102E.M 

CD54HC40102F 

CD74HCT40102EM 

CD54HCT40102F 

604 

8-Bit  Synchronous  BCD  Down  Counter 

16 

CD74HC40103E.M 

CD54HC40103F 

CD74HCT40103E.M 

CD54HCT40103F 

604 

8-Bit  Binary  Down  Counter 

16 

CD74HC40104E.M 

CD54HC40104F 

CD74HCT40104E.M 

CD54HOT40104F 

613 

4-Bit  Bidrectional  Universal  Shift  Register,  3-State 

16 

CD74HC40105E.M 

CD54HC40105F 

CD74HCT40105E.M 

CD54HCT40105F 

619 

4  Bits  x  16  Words  FIFO  Register 

16 

CD74HCU04E.M 

CD54HCU04F 

628 

Hex  Inverter  (Unbuffered) 

14 

■ 


Note:  Add  package  suffix  code  to  part  number  on  all  orders. 

E  =  Dual-ln-Line  Plastic  Package  —  Temp.  Range  =  -40°  to  +  85°C. 

F  =  Dual-ln-Line  Frit-Seal  Ceramic  Package  (CERDIP)  —  Temp.  Range  -  -55°  to  +  125°C. 

H  =  Chip  —  Temp.  Range  =  -55°  C  to  125°C. 

M  =  Dual-ln-Line  Surface  Mounted  Package  —  Temp.  Range  =  -40°  to  ♦  85°  C. 
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Product  Selectors 


Product  Selection  Guide 


Type  Function/Description 
CD54/74  NAND/NOR  Gates 

HC/HCTOO  Quad  2-lnput  NAND  Gate 

HC/HCT02  Quad  2-lnput  NOR  Gate 

HC/HCT03  Quad  2-lnput  NAND  Gate  with  Open  Drain 

HC/HCT10  Triple  3-lnput  NAND  Gate 

HC/HCT20  Dual  4-lnput  NAND  Gate 

HC/HCT27  Triple  3-lnput  NOR  Gate 

HC/HCT30  8-lnput  NAND  Gate 

HC/HCT4002  Dual  4-lnput  NOR  Gate 

AND/OR/EXCLUSIVE-OR 

HC/HCT08  Quad  2-lnput  AND  Gate 

HC/HCT11  Triple  3-lnput  AND  Gate 

HC/HCT21  Dual  4-lnput  AND  Gate 

HC/HCT32  Quad  2-lnput  OR  Gate 

HC/HCT86  Quad  2-lnput  EXCLUSIVE-OR  Gate 

HC/HCT4075  Triple  3-lnput  OR  Gate 

HC7266  Quad  Exclusive  NOR  Gate 

Inverters/Buffers/Bus  Drivers 

HC/HCT04  Hex  Inverter/Buffer 

HCU04  Hex  Inverter  (Unbuffered) 

HC/HCT125*  Quad  3-State  Buffer 

HC/HCT126*  Quad  3-State  Buffer 

HC/HCT240*  Octal  Buffer/Line  Driver;  3-State;  Inverting 

HC/HCT241  *  Octal  Buffer/Line  Driver;  3-State 

HC/HCT244*  Octal  Buffer/Line  Driver;  3-State 

HC/HCT365*  Hex  Buffer/Line  Driver;  3-State 

HC/HCT366*  Hex  Buffer/Line  Driver;  3-State  Inverting 

HC/HCT367*  Hex  Buffer/Line  Driver;  3-State 

HC/HCT368*  Hex  Buffer/Line  Driver;  3-State;  Inverting 

HC/HCT540*  Octal  Buffer/Line  Driver;  3-State;  Inverting 

HC/HCT541*  Octal  Buffer/Line  Driver;  3-State 

HC4049  Hex  Inverting  HIGH-to-LOW  Level  Shifter 

HC4050  Hex  HIGH-to-LOW  Level  Shifter 

Flip-Flops 

HC/HCT73  Dual  JK  Flip-Flop  with  Reset;  Negative-Edge  Trigger 

HC/HCT74  Dual  D-Type  Flip-Flop  with  Set  and  Reset;  Positive-Edge  Trigger 

HC/HCT1 07  Dual  JK  Flip-Flop  with  Reset;  Negative-Edge  Trigger 

HC/HCT109  Dual  JK  Flip-Flop  with  Set  and  Reset;  Positive-Edge  Trigger 

HC/HCT112  Dual  JK  Flip-Flop  with  Set  and  Reset;  Negative-Edge  Trigger 

HC/HCT173*  Quad  D-Type  Flip-Flop  with  Set  and  Reset;  Positive-Edge  Trigger;  3-State 

HC/HCT174  Hex  D-Type  Flip-Flop  with  Reset;  Positive-Edge  Trigger 

HC/HCT175  Quad  D-Type  Flip-Flop  with  Reset;  Positive-Edge  Trigger 

HC/HCT273  Octal  D-Type  Flip-Flop  with  Reset;  Positive-Edge  Trigger 

HC/HCT374*  Octal  D-Type  Flip-Flop;  Positive-Edge  Trigger;  3-State 

HC/HCT377  Octal  D-Type  Flip-Flop  with  Data  Enable;  Positive-Edge  Trigger 

HC/HCT534*  Octal  D-Type  Flip-Flop;  Positive-Edge  Trigger;  3-State;  Inverting 

HC/HCT564*  Octal  D-Type  Flip-Flop;  Positive-Edge  Trigger;  3-State;  Inverting 

HC/HCT574*  Octal  D-Type  Flip-Flop;  Positive-Edge;  3-State 

Shift/FIFO  Buffer/Multiport  Registers 

HC/HCT164  8-Bit  Serial-ln/Parallel-Out  Shift  Register 

HC/HCT165  8-Bit  Parallel-In/Serial-Out  Shift  Register 

HC/HCT1 66  8-Bit  Parallel/Serial-ln  Serial-Out  Shift  Register 

HC/HCT1 94  4-Bit  Bidirectional  Universal  Shift  Register 

HC/HCT1 95  4-Bit  Parallel  Access  Shift  Register 

HC/HCT299*  8-Bit  Universal  Shift  Register;  3-State 

HC/HCT597  8-Bit  Shift  Register  with  Input  Storage 

HC/HCT670*  4x4  Register  File;  3-State 

HC/HCT4015  Dual  4-Stage  Static  Shift  Register 

HC/HCT4094  8-Stage  Shift-and-Store  Bus  Register;  3-State 

HC/HCT7030*  9-Bit  x  64  Word  Fl  FO  Reg  ister;  3-State 

HC/HCT40104"  4-Bit  Bidirectional  Universal  Shift  Register;  3-State 

HC/HCT40105  4  Bits  x  16  Words  FIFO  Register 

"Types  with  a  bus  driver  output  stage. 


Classification  Page 


SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 


SSI 
SSI 
SSI 
SSI 
SSI 
SSI 
SSI 


SSI 
SSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
SSI 
SSI 


FF 
FF 
FF 
FF 
FF 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 


48 
52 
56 
68 
80 
88 
92 
462 


64 
72 
84 
96 
125 
548 
600 


60 
628 
155 
160 
298 
298 
298 
380 
380 
385 
385 
429 
429 
510 
510 


104 
109 
134 
139 
144 
232 
238 
243 
342 
396 
401 
424 
424 
396 


215 
220 
226 
279 
285 
363 
636 
451 
466 
552 
640 
613 
619 


Product  Selectors 


Product  Selection  Guide  (Cont'd) 

Type 

Function/Description 

Classification 

Page 

CD54/74 

Arithmetic  Circuits 

HC/HCT85 

4-Bit  Magnitude  Comparator 

MSI 

119 

HC/HCT181 

4-Bit  Arithmetic  Logic  Unit 

MSI 

248 

HC/HCT182 

Look-Ahead  Carry  Generator 

MSI 

254 

HC/HCT280 

9-Bit  Odd/Even  Parity  Generator/Checker 

MSI 

347 

HC/HCT283 

4-Bit  Full  Adder  with  Fast  Carry 

MSI 

351 

HC/HCT583 

4-Bit  BCD  Full  Adder  with  Fast  Carry 

MSI 

434 

HC/HCT688 

8-Bit  Magnitude  Comparator 

MSI 

458 

wWI  IICI  3 

4-Bit  Binary  Ripple  Counter 

MSI 

129 

HO/HO  1  IbU 

Presettable  Synchronous  BCD  Decade  Counter;  Asynchronous  Reset 

MSI 

205 

nO/HO  1  lb  l 

Presettable  Synchronous  4-Bit  Binary  Counter;  Asynchronous  Reset 

MSI 

205 

Presettable  Synchronous  BCD  Decade  Counter;  Synchronous  Reset 

MSI 

205 

LJO  /UPT1  CO 

MunL- 1  I  bo 

Presettable  Synchronous  4-Bit  Binary  Counter;  Synchronous  Reset 

MSI 

205 

ur/urTi  on 

Presettable  Synchronous  BCD  Decade  Up/Down  Counter 

MSI 

260 

nO/ML>  I  l yi 

Presettable  Synchronous  4-Bit  Binary  Up/Down  Counter 

MSI 

260 

HO/HO  1  ly/c 

Presettable  Synchronous  BCD  Decade  Up/Down  Counter 

MSI 

269 

HO/HO  t  nyo 

Presettable  Synchronous  4-Bit  Binary  Up/Down  Counter 

MSI 

269 

HO/nu  1  jyU 

Dual  Decade  Ripple  Counter 

MSI 

407 

nU/nO  1  jyo 

Dual  4-Bit  Binary  Ripple  Counter 

MSI 

413 

LI/"*'  /I    1               JJH  -T 

nO/HCT4017 

Decade  Counter/Divider  with  10  Decoded  Outputs 

MSI 

472 

HC/HCT4020 

14-Stage  Binary  Ripple  Counter 

MSI 

478 

HC/HCT4024 

7-Stage  Binary  Ripple  Counter 

MSI 

483 

n     n  o  i  hum- u 

i^-oidyc  Diiidry  nippm  ouurutji 

MSI 

488 

HC/HCT4059 

Programmable  Divide  by  "N"  Counter 

MSI 

523 

HC/HCT4060 

14-Stage  Binary  Ripple  Counter  with  Oscillator 

MSI 

530 

HC/HCT4510 

Up/Down  Counter,  BCD 

MSI 

559 

HC/HCT4516 

Up/Down  Counter,  Binary 

MSI 

559 

HC/HCT4518 

Dual  Synchronous  BCD  Counter 

MSI 

580 

HC/HCT4520 

Dual  4-Bit  Synchronous  Binary  Counter 

MSI 

580 

HC/HCT40102 

8-Bit  Synchronous  BCD  Down  Counter 

MSI 

604 

HC/HCT40103 

8-Bit  Binary  Down  Counter 

MSI 

604 

Miidioy  ana  uigitai  multiplexers/ uernuiiipieAens 

HC/HCT15 1 

8-lnput  Multiplexer 

MSI 

184 

HC/HCT153 

Dual  4-!nput  Multiplexer 

MSI 

189 

Quad  2-lnput  Multiplexer 

MSI 

200 

1  1  /->  /MAT  -1  ro 

HO/HO  1  loo 

MSI 

200 

o-mput  Multiplexer,  o-btate 

MSI 

315 

MunL- 1  <:oo 

Dual  4-lnput  Multiplexer;  3-State 

MSI 

321 

HG/nC/T257 

Quad  2-lnput  Multiplexer;  3-State;  Non-Inverting  Outputs 

MSI 

326 

HC/HCT258 

Quad  2-lnput  Multiplexer;  3-State;  Inverting  Outputs 

MSI 

330 

HP/HPT1M* 
i  i  w/  nw  i  ojt 

R— Inni  it  \At  iltinlavaf/Ranictar~  *5_^2t a ta 
o  llipui  IVIUI U pifciAei / ncy l&lcf ,  O  Otdlc 

MSI 

370 

HC/HCT356* 

8-lnput  Multiplexer/Register;  3-State 

MSI 

370 

HC/HCT4051 

8-Channel  Analog  Multiplexer/Demultiplexer 

MSI 

514 

HC/HCT4052 

Dual  4-Channel  Analog  Multiplexer/Demultiplexer 

MSI 

514 

HC/HCT4053 

Triple  2-Channel  Analog  Multiplexer/Demultiplexer 

MSI 

514 

HC/HCT4067 

16-Channel  Analog  Multiplexer/Demultiplexer 

MSI 

542 

HC/HCT4351 

Analog  Multiplexer  with  Latch 

MSI 

638 

HC/HCT4352 

Analog  Multiplexer  with  Latch 

MSI 

639 

HC/HCT4353 

Analog  Multiplexer  with  Latch 

MSI 

639 

Decoders/Encoders 

HC/HC  T  42 

BCD  to  Decimal  Decoder  (1-of-10) 

MSI 

100 

HC/HCT137 

3-to-8  Line  Decoder  with  Latch;  Inverting 

MSI 

634 

HC/HCT138 

3-to-8  Line  Decoder/Demultiplexer;  Inverting 

MSI 

169 

UUdl  c.  IU  *f  Lille  UcUUUci  /  Ucl  I IU 1 11  picXtJI 

MSI 

174 

HC/HCT147 

10-to-4-Line  Priority  Encoder 

MSI 

179 

HC/HCT154 

4-to-1 6-Line  Decoder/Demultiplexer 

MSI 

194 

HC/HCT237 

3-to-8-Line  Decoder/Demultiplexer  with  Address  Latches 

MSI 

635 

HC/HCT238 

3-to-8-Line  Decoder/Demultiplexer 

MSI 

169 

HC/HCT451 1 

BCD-to-7-Segment  Latch/Decoder/Driver 

MSI 

569 

HC/HCT4514 

4-to-16-Line  Decoder/Demultiplexer  with  Input  Latches 

MSI 

574 

HC/HCT4515 

4-to-16-Line  Decoder/Demultiplexer  with  Input  Latches 

MSI 

574 

HC/HCT4543 

BCD-to-7-Segment  Latch/Decoder/Driver  for  LCDs 

MSI 

594 

■ 


"Types  with  a  bus  driver  output  stage. 
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Product  Selectors 


Product  Selection  Guide  (Cont'd) 


Type 

CD54/74 

HC/HCT4016 
HC/HCT4066 
HC/HCT4316 


HC/HCT242* 
HC/HCT243* 
HC/HCT245* 
HC/HCT640* 
HC/HCT643* 
HC/HCT646* 
HC/HCT648* 
HC/HCT7038* 


HC/HCT14 
HC/HCT132 


HC/HCT75 

HC/HCT259 

HC/HCT373* 

HC/HCT533* 

HC/HCT563* 

HC/HCT573* 


HC/HCT123 
HC/HCT221 
HC/HCT423 
HC/HCT4538 


HC/HCT297 

HC/HCT4046A 

HC/HCT7046 


Quad  Bilateral  Switch 
Quad  Bilateral  Switch 
Quad  Analog  Switch 


Function/Description 
Analog  Switches 


Bus  Transceivers 


Classification  Page 


Quad  Bus  Transceiver;  3-State;  Inverting 

Quad  Bus  Transceiver;  3-State 

Octal  Bus  Transceiver;  3-State 

Octal  Bus  Transceiver;  3-State  Inverting 

Octal  Bus  Transceiver;  3-State  True/Inverting 

Octal  Bus  Transceiver;  3-State 

Octal  Bus  Transceiver;  3-State;  Inverting 

9-Bit  Bus  Transceiver  with  Latch 

Schmitt  Triggers 

Hex  Inverting  Schmitt  Trigger 
Quad  2-lnput  NAND  Schmitt  Trigger 

Latches 

Dual  2-lnput  Bistable  Transparent  Latch 

8-Bit  Addressable  Latch 

Octal  Transparent  Latch;  3-State 

Octal  Transparent  Latch;  3-State;  Inverting 

Octal  Transparent  Latch;  3-State;  Inverting 

Octal  Transparent  Latch;  3-State 

One-Shot  Multivibrators 

Dual  Retriggerable  Monostable  Multivibrator  with  Reset 
Dual  Monostable  Multivibrator  with  Reset 
Dual  Retriggerable  Monostable  Multivibrator  with  Reset 
Dual  Retriggerable  Precision  Monostable  Multivibrator 

Phase-Locked  Loops  (PLL) 

Digital  Phase-Locked  Loop  Filter 
Phase-Locked  Loop  with  VCO 
Phase-Locked  Loop  with  In-Lock  Detection 


SSI 
SSI 
MSI 


MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 


SSI 
SSI 


FF 
MSI 
MSI 
MSI 
MSI 
MSI 


MSI 
MSI 
MSI 
MSI 


MSI 
MSI 
MSI 


"Types  with  a  bus  driver  output  stage. 


637 
536 
638 


304 
304 
310 
439 
439 
444 
444 
641 


76 
165 


114 
335 
390 
418 
418 
390 


149 
291 
149 
586 


356 
493 
641 
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Product  Selectors 


Product  Classification  Chart 


MULTIVIBRATORS 


Single-level 


Flip-Flops/Latches 


Buffers 
Line-Drivers 


Bus 
Drivers 


Multi- 
function 
AOI 


Decoders/ 
Encoders 


Schmitt 
Trigger 


I 


CD54/74HC/HCT 


CD54/74/HC/HCT 


CDS4/74HC/HCT 


HC/HCT73 

HC/HCT75 

HC/HCT74 

HC/HCT259 

HC/HCT107 

HC/HCT373* 

HC/HCT109 

HC/HCT533* 

HC/HCT1 12 

HC/HCT563* 

HC/HCT173« 

HC/HCT573* 

HC/HCT174 

HC/HCT175 

HC/HCT273 

Monostable 

HC/HCT374* 

HC/HCT123 

HC/HCT377 

HC/HCT221 

HC/HCT534* 

HC/HCT423 

HC/HCT564» 

HC/HCT4538 

HC/HCT574* 

HC/HCT02 
HC/HCT03T 
HC/HCT27 
MC/HCT4002 


HC/HCTOO 
HC/HCT10 
HCHCT20 
HC/HCT30 


HC/HCT08 
HC/HCT11 
HC/HCT21 
HC/HCT32 
HC/HCT4075 


HC/HCT240. 
HC/HCT241" 
HC/HCT244* 
HC/HCT365* 
HC/HCT366* 
HC/HCT367» 
HC/HCT368e 
HC/HCT540" 
HC/HCT541* 


Level 
Shifters 


HC4049 
HC4050 


HC/HCT125 
HC/HCT126 
HC/HCT241 
HC/HCT244 
HC/HCT365 
HC/HCT366 
HC/HCT367 
HC/HCT368 
HC/HCT540 
HC/HCT541 


HC/HCT04 
HCU04 


HC/HCT86 
HC7266 


HC/HCT42 

HC/HCT137 

HC/HCT138 

HC/HCT139 

HC/HCT147 

HC/HCT154 

HC/HCT237 

HC/HCT238 

HC/HCT4511 

HC/HCT4514 

HC/HCT4515 


HC/HCT14 
HC/HCT132 


REGISTERS 

COUNTERS 

DIGITAL 
MULTIPLEXERS 

PHASE 

INTERFACE 
CIRCUITS 

Shin 

FIFO 
Stiller 

Multiport 

Binary 
Ripple 

Synchronous 

LOCKED 
LOOPS 

UlLAItKAL 
SWITCHES 

CDS4/74HC/HCT 

CD54/74HC/HCT 

CDS4/74HC/HCT 

HC/HCT164 

HC/HCT40105 

HC/HCT670 

HC/HCT93 

hc/hcti6o 

HC/HCT151 

HC/HCT279 

HC/HCT4016  A 

Bus 

HC/HCT165 

HC/HCT7030 

HC/HCT390 

hc/hcti6i 

HC/HCT153 

HC/HCT4046A 

HC/HCT4066  A 

Transceivers 

HC/HCT166 

HC/HCT393 

HC/HCT162 

HC/HCT157 

HC/HCT7046 

HC/HCT4316  A 

HC/HCT242* 

HC/HCT194 

HC/HCT4020 

HC/HCT163 

HC/HCT158 

Analc 

•9 

HC/HCT243* 

HC/HCT195 

HC/HCT4024 

HC/HCT190 

HC/HCT251 

Multiple 

cers/ 

HC/HCT245* 

HC/HCT299* 

HC/HCT4040 

HC/HCT191 

HC/HCT253 

Demultiplexers 

HC/HCT640« 

HC/HCT597 

HC/HCT40G0 

HC/HCT192 

HC/HCT257* 

HC/HCT4051 

HC/HCT643* 

HC/HCT4015 

HC/HCT40103 

HC/HCT193 

HC/HCT258 

HC/HCT4052 

HC/HCT646* 

HC/HCT4094 

HC/HCT4017 

HC/HCT354* 

HC/HCT4053 

HC/HCT648* 

HC/HCT40104« 

HC/HCT4510 
HC/HCT4516 
HC/HCT4518 
HC/HCT4520 

HC/HCT356* 

HC/HCT4067 
HC/HCT43S1 
HC/HCT4352 
HC/HCT4353 

HC/HCT7038' 

HC/HCT40102 

ARITHMETIC  CIRCUITS 

DISPLAY  DRIVERS 

Adders/ 

ALU/Rate 

Parity 
Generator/ 

For 
LCD 

For 
LED 

Comparator 

» 

nuiiipueis 

Checker 

Drive 

Drive 

CD54/74HC/HCT 

CD54/74HC/HCT 

HC/HCT85 

HC/HCT181 

HC/HCT280 

HC/HCT4543 

HC/HCT4511 

HC/HCT283 

HC/HCT182 

See  Decoders/ 

Encoders 

i  Open  Drain 
A  Quad  type 

•  With  Bus  Driver  output  stage 
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circuits  (UMOS)  includes  a  functionally  complete  set  ot 
LSTTL  equivalent  types  and  selected  equivalent  CMOS 
CD4000  series  types.  The  CD4000  series  types  selected 
are  unique  to  the  CMOS  process.  These  types  are  readily 
produced  by  the  highly  versatile  CMOS  technology,  but 
cannot  be  implemented  by  the  more  restrictive  bipolar 
technology.  Each  CMOS  circuit  function  is  offered  in  two 
basic  logic  series,  as  follows: 

1.  CD54/74HCTXXXX-series  types  —  feature  LSTTL 
input-voltage-level  compatibility  and  provide  high- 
speed CMOS  direct  drop-in  replacements  of  LSTTL 
devices. 

2.  CD54/74HCXXXX-series  types  —  feature  CMOS 
input-voltage-level  compatibility  and  are  intended  for 
use  in  new  second-generation  all-CMOS  systems. 

In  addition,  RCA  offers  a  third  category,  CD54/74HCUXX, 
which  includes  unbuffered  types  intended  for  linear  or 
high-speed  oscillator  applications. 

The  HC/HCT  family  consists  of  a  comprehensive  set  of 
buffers,  transceivers,  and  registers  that  are  popular  in 
computer  systems.  A  wide  variety  of  popular  logic,  MUX'S, 
encoders/decoders,  counters,  arithmetic  units,  mulitvibra- 
tors,  display  drivers,  and  phase-lock  loops  complete  the 
family. 

Shown  below  is  a  breakdown  of  the  HC/HCT  family  by 
logic  function: 

The  HC/HCT  Family 


Number  of 

Device  Function 

Types 

Inverters/Buffers/Bus  Drivers 

14 

Flip-Flops/Latches 

20 

Bus  Transceivers 

8 

Registers 

13 

Counters 

23 

Decoders/Encoders 

12 

Multiplexers  (Analog  &  Digital) 

17 

Multivibrators 

4 

Schmitt  Triggers 

2 

Phase-Lock  Loops 

3 

Bilateral  Switches 

3 

Arithmetic  Circuits 

7 

Gates 

15 

CD54HCXXXX  and  CD74HCXXXX  Series 

•  2  to  6V  operation. 

•  High  noise  immunity:  N,L  =  30%,  N,H  =  30%  at 
Vcc  =  5V. 

CD54HCTXXXX  and  CD74HCTXXXX  Series 

•  4.5  to  5.5V  operation. 

•  Direct  LSTTL  input  logic  compatibility 
Vil  =  0.8V(max),  V,H  =  2.0V  (min) 

•  CMOS  input  compatibility 
Iil.  Iih  <iuAat  Vol,  Voh 

Quantitative  Comparison  of  HC/HCT  and  LSTTL 
Logic  Types 

RCA's  HC  and  HCT  logic  types  have  many  outstanding 
advantages  when  compared  with  the  conventional  high- 
current  LSTTL  logic  types  which  these  types  can  replace 
in  existing  and  new  equipment  designs  that  require  devi- 
ces operating  at  frequencies  in  the  20-30  MHz  range. 
Table  I  compares  significant  operating  characteristics  of 
the  HC/HCT  vs.  LSTTL  logic  families. 

Table  I  —  Quantitative  Comparison  of  HC/HCT 
and  LSTTL  Logic  Types 


Characteristic 

74  Series 

74  Series 

HC/HCT 

LSTTL 

1.  Quiescent  Power 

-per  Gate 

0.025mW 

5.5mW 

-per  FF 

0.05mW 

10mW 

-4  Stage  Counter 

0.4mW 

95mW 

-per  Transceiver/Buffer 

0.1  mW 

60mW 

2.  Operating  Power 


Frequency 
0.1MHz    1MHz  10MHz 


NOTE:  Each  function  is  available  in  both  an  HCT  and  HC 
version. 


-per  Gate 

-per  FF 

-4  Stage 
Counter 

-per  Trans- 
ceiver/ 
Buffer 


0.2mW 
0.15mw 


2mW 
1.5mW 


20mW 
15mW 


Frequency 
0.1  to 
1MHz 

5.5mW 
10mW 


10MHz 

20mW 
15mW 


0.24mW  2.4mW  24mW 


0.25mW  2.5mW  25mW 


95mW  120mW 


60mW  90mW 


HC/HCT  Family  Features 

•  Functionally  and  pin  compatible  with  industry  54  and 
74  LSTTL-series  and  CD4000B-series  types. 

•  CMOS  outputs  for  maximum  noise  margins. 

•  Fan-out  (over  temperature): 

Standard  Outputs  - 10  LSTTL  loads 
Bus-Driver  Outputs  -  15  LSTTL  loads 

•  Wide  operating  temperature  range: 

CD74HC/HCT/HCU:  -40  to  +85°C 
CD54HC/HCT/HCU:  -55  to  +125°C 

•  Balanced  propagation  and  transition  times. 

•  Significant  power  reduction  compared  to  LSTTL 
logic. 

•  Alternate  source  -  Philips/Signetics 


3.  Operating  Supply        (HCT)  4.5V  to     4.75V  to  5.25V 
Voltage  5.5V 

(HC)  2V  to  6V 


4.  Operating 
Temperature 

Range  -40°  C  to  +85°  C    0°  C  to  +70°  C 


5.  Noise  Margin  @  5V 

LStoLS       )    0.7V/0.4V 

HCtoHC      WHI/LOW)  1.4V/1.4V 

HCT  to  HCT  )  2.9V/0.7V 


6.  Input  Switching 
Voltage 

Variation  with  Temp.      Vs  +  60mV       Vs  ±  200  mV 
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Table  I  -  Cont'd 


74  Series 

74  Series 

HC/HCT 

LSTTL 

7.  Output  Drive  Current 

a)  Source  Current  at 

Voh  =  2.4V 

-8mA 

-400uA 

b)  Sink  Current 

Std.  Logic  (Vol) 

4mA  (0.33V) 

4mA  (0.4V) 

BUS  Logic  (Vol) 

6mA  (0.33V) 

12mA  (0.4V) 

Vol=0.5V 

12mA 

24mA 

8.  Typ.  Output 

Transition  Time* 

t-TLH 

6ns 

15ns 

t-THL 

6ns 

6ns 

9.  Typical  Gate  Propagation 

Delay*:  tPHL/tpLH  8ns/8ns  8ns/11ns 

VCC  =  5V,  CL  =  15pF 


10.  Typical  FF  Propagation  Delay: 

Vcc  =  5V,  CL  =  15pF 

tpLH  14ns  15ns 

tpHL  14ns  22ns 


11.  Typ.  Clock  Rate 

of  an  FF 

50MHz 

33MHz 

12.  Input  Current 

k 

l,H 

-luA 
luA 

-0.4.  to  -0.8mA 
40uA 

13.  3-State  Output 
Leakage  Current 

±5uA 

±20uA 

14.  Reliability 

%/1000  hours  at  60% 
Confidence 

.0019 
(RCA  Report) 

.008 
(RADC  Report) 

'Loading  coefficient  =  0.055ns/pF  (both  HC/HCT  and 
LSTTL) 


HC/HCT  IC  Structure 

The  high  speeds  and  low  quiescent  power  dissipation  that 
characterize  the  RCA  HC/HCT  family  are  made  possible 
by  utilizing  a  three-micron,  self-aligned  silicon  gate  CMOS 
process.  The  three-micron  process  minimizes  the  internal 
parasitic  capacitances  of  the  circuit,  which  results  in 
increased  switching  speed. 

The  polysilicon  gates  of  the  transistors  are  deposited  over 
a  thin  gate  oxide  before  the  source  and  drain  diffusions 
are  defined.  Ion  implantation  is  then  used  to  form  the 
source  and  drain  areas,  with  the  polysilicon  gates  acting 
as  a  mask  for  the  implantation.  The  source  and  drain  are 
automatically  aligned  to  the  gate,  hence  the  expression 
"self-aligned-gate"  process.  In  this  manner,  gate-to-source 
and  gate-to-drain  capacitances  are  minimized.  Junction 
capacitances,  which  are  proportional  to  the  junction  area, 
are  also  reduced  because  of  the  shallower  diffusions.  Fig. 
1  shows  the  parasitic  capacitances  in  a  CMOS  inverter. 

In  contrast,  the  source  and  drain  areas  in  a  metal-gate 
CMOS  process  are  formed  before  the  gate  is  deposited. 


Moreover,  the  metal  gate  must  overlap  the  source  and 
drain  to  allow  for  alignment  tolerances.  These  conditions 
result  in  higher  overlap  capacitances  than  those  present  in 
QMOS  devices.  The  metal-gate  process  also  employs 
deeper  diffusions  than  those  in  the  QMOS  process  and, 
consequently,  has  larger  junction  capacitances. 


vCc 


Fig.  1  -  Parasitic  capacitances  in  a  CMOS  inverter 


The  QMOS  structure  features  a  three-micron  gate  length; 
the  CD4000  series  structure  has  a  gate  length  of  seven 
microns.  The  equation  for  the  drain  current  of  a  MOSFET 

Ids  =  K'^'^  I  (9ate  voltage)  -  (threshold  voltage)  ]2 

where  K'  is  the  "beta"  of  the  MOSFET.  Therefore,  a  short- 
ter  gate  length  results  in  higher  drive  capability,  which  in 
turn  increases  the  speed  at  which  a  transistor  can  charge 
or  discharge  capacitance. 


The  polysilicon  in  a  silicon-gate  process  is  also  an  inter- 
connect layer,  thus,  there  are  three  levels  of  interconnect 
(diffusion,  polysilicon,  and  metal)  instead  of  the  two  layers 
(diffusion  and  metal)  present  in  a  metal-gate  process.  This 
situation  aids  in  making  a  more  compact  die.  Fig.  2  com- 
pares the  cross  sections  of  the  seven-micron  metal-gate 
CMOS  structure  and  the  three-micron  QMOS  structure. 


Input  Characteristics 

The  inputs  of  QMOS  devices  are  voltage-level  sensitive, 
and  do  not  require  current,  except  for  input  leakage.  The 
definitive  switching  characteristics  for  the  HC  and  HCT 
versions  are  illustrated  in  Figs.  3  and  4,  respectively. 

System  designers  require  the  actual  M IN/MAX  range  of 
expected  input  switching  voltage  over  the  temperature 
range  of  -55°C  to  +125°C.  This  vital  information  is  con- 
tained in  the  curves  of  Figs.  5  and  6  for  the  HC  and  HCT 
families,  respectively. 

The  unbuffered  HCU04  hex  inverter  has  one  stage  of 
active  inverting  logic  from  input  to  output  and,  therefore, 
is  a  special  case  for  input  switching  voltage  as  shown  in 
Fig.  7. 
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(a)  CD4000B  Series 


p-Channel 


p-         n+  p+7  n+ 


p+  p+      n  + 


n-substrate 
-120>  


92CM-37086 


Fig.  2  -  Crossectional  view  of  (a)  the  seven-micron 
CD4000B  Series  structure  and  (b)  three- 
micron  QMOS  structure 


5 

<  4 


1-  1 


vcc 

TA 


5V 
25"C 


J  I 


Vss    1      2      3     4      5  Vcc 
V,L(MAX)      2.5V  Vm(MIN) 
30%VCC    50%VCC  ?0%VCC 
INPUT  VOLTAGE 


111  4 

i 

£  3 


O  1  - 


J  l_ 


J 


vss  /'  1-4*\  3     «     »  vcc 

V|,  (MAX)       V|„  (MINI 
0.8  V  2.0  V 

INPUT  VOLTAGE 


Fig.  3  ■ 


Typical  switching  characteristics 
of  RCA  HC  series  types 


Fig.  4  -  Typical  switching  characteristics  of  RCA  HCT 
series  types 


Vc;  =  4.5  V 
T,    =  25  'C 


:  5.5  V 
=  25  X 


-60  mV  | 
AT  TA  =  -55  *C  | 

I     +60  rt 
|ATTA  = 

-60  mV 
AT  TA  = 
+1 25  *C 

+60  mV 
AT  TA  =  -55  'C 

\ 

0 

•  2.85 
MAX. 

INPUT  VOLTAGE  (Vj)  -  V 

92CS-38886 


Fig.  5  -  Actual  Min/Max  switching  characteristics 
of  RCA  HC  series  types 


T.    =  25  "C 


-100  mV' 
ATTA  =  I 
+125 °C  ' 


=  5.5  V 
=  25  X 


+100  mV 
AT  TA  =  -55  X 


Li 


Fig 


INPUT  VOLTAGE  (Vj)  -  V 

92CS-MM7 

6  -  Actual  Min/Max  switching  characteristics 
of  RCA  HCT  series  types 
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1 .9  MIN.    2.5  TYPICAL     3.0  MAX. 
¥<;,;  =  4.5V  VCC  =  5.5V 

TA    =  +!2S"C    TA    =  25'C    TA    =  +125'C 


INPUT  VOLTAGE  (V,)-V 


Fig.  7  Actual  Min/Max  and  typical  switching  characteris- 
tics of  the  HCU04  Unbuffered  Hex  Inverter 


Noise  Immunity  and  Noise  Margin 

Table  II  shows  the  HC,  HCT,  and  HCU  input  noise 
immunity  and  noise  margin  for  use  in  those  applications 
where  like  members  of  the  HC,  HCT,  and  HCU  families 
interface  with  each  other  at  a  nominal  supply  voltage  of 
5V.  Output  voltages  are  also  shown. 


Table  ll(a):  Noise  Immunity  and  Noise  Margin  (Vcc  =  5V). 


HC 

HCT 

HCU 

Vil  max. 

1.5V 

0.8V 

1V 

Vih  min. 

3.5V 

2V 

4V 

Vol  max. 

0.1V 

0.1V 

0.5V 

Voh  min. 

4.9V 

4.9V 

4.5V 

Noise  Margin  Low  (Vnml) 

1.4V 

0.7V 

0.5V 

Noise  Margin  High  (VNMH) 

1.4V 

2.9V 

0.5V 

Table  ll(b)  shows  noise  immunity  and  noise  margin  volt- 
ages for  standard  HCT  devices  interfacing  with  LSTTL 
logic  types  with  a  fully  loaded  HCT  or  LSTTL  output  at  Vcc 
=  4.5V,  and  a  temperature  range  of  0°C  to  +70°C.  This 


limited  LSTTL  temperature  range  is  the  only  convenient 
temperature  range  when  using  LSTTL  characteristics. 

Whenever  the  HCT  output  drives  either  an  LS  or  HCT 
input,  there  is  an  improvement  in  noise  margin  over  the 
LSTTL  family  driving  itself  or  driving  HCT.  This  improve- 
ment is  especially  true  for  noise  margin  high  where  the 
superior  output  sourcing  current  of  the  rail-to-rail  QMOS 
output  swing  is  far  superior  to  the  limited  totem-pole  pull- 
up  output  voltage  of  LSTTL 


Input  Current 

Fig.  8  is  a  plot  of  typical  HC/HCT  device  input  current  vs. 
temperature  for  a  Vcc  of  6V.  This  actual  performance  of 
under  1.5nA  over  the  temperature  range  of  -55°  C  to 
+125°C  contrasts  with  maximum  family  and  JEDEC  stand- 
ard input  leakage  current  limit  of  100nA  for  T  =  -55°C  to 
+25°  C,  and  a  limit  of  1//a  at  TA  =  85°  C  and  +125°C.  The 
reason  for  this  difference  in  performance  vs.  ratings  is 
high-speed  testing  limitations  associated  with  test  system 
resolution  and  the  measurement  of  settling  time.  A  second- 
ary reason  is  that  the  limits  are  end-of-life,  thus  allowing 
some  leakage  current  shift  due  to  minor  externally  intro- 
duced foreign  material  or  moisture. 


Table  ll(b)  -  Noise  Immunity  and  Noise  Margin  for 
HCT  and  LS  Device  Interfacing 


HCT 

LSTTL 

HCT  -  LS 

LS  -  HCT 

LS-LS 

HCT  -  HCT 

Vil  MAX 

0.8V 

0.8V 

V,H  MIN 

2V 

2V 

Vol  MAX 

0.33V 

0.4V 

Voh  MIN 

4.4V 

2.7V 

Vnml 

0.47V 

0.4V 

0.4V 

0.7V 

Vnmh 

2.4V 

0.7V 

0.7  V 

2.4V 
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-50       -25        0  25        50         75        100  125 

AMBIENT  TEMPERATURE  Oa)  —  'C 

92CS-38889 

Fig.  8  -  Typical  HC/HCT  input  current  Vs.  temperature 


Input  Termination 

The  very  low  HC/HCT  input  current  and  hence,  high  input 
resistance  is  primarily  due  to  low-level  leakage  currents  of 
the  input  ESD  protection  diodes  shown  in  Fig.  9.  This 
excellent  input  buffering  characteristic  of  CMOS  logic  IC's 
is  fundamental  to  the  wide  range  of  very  low  power  appli- 
cations from  pure  logic  to  wide  range  RC  oscillators,  high 
Q  crystal  oscillators,  etc.  However,  in  no  situation  should 
this  high  input  resistance  be  left  floating  or  unterminated. 
Inputs  may  be  tied  directly  to  Vcc  or  GND  via  resistors  of 
up  to  1Mohm;  the  upper  limit  is  only  related  to  ac  noise 
immunity,  i.e.,  pick  up. 

Comparing  HC/HCT  unused  input  terminations  to  LSTTL 
logic,  puts  the  flexibility  of  QMOS  into  a  very  positive  light. 
It  is  a  stated  LSTTL  design  rule  that  unused  inputs  be  ter- 
minated to  Vcc  via  a  1.2kohm  resistor  and  not  tied  directly 
to  GND  or  Vcc  nor  left  floating. 

One  additional  note  on  HC/HCT  input  terminations.  There 
are  several  bidirectional  (transceiver)  logic  types  in  the 
QMOS  family  with  common  I/O  pins.  These  I/O  pins  do 
not  have  the  input  poly  resistor  (R)  of  Fig.  9.  Hence,  these 
pins  cannot  be  terminated  directly  to  Vcc  or  GND.  A  ter- 
minating resistor  to  Vcc  or  GND  of  10kohm  is  recom- 
mended. 


POLY 

INPUT  O  WV 


Fig.  9  -  Resistor-diode  protection  network  used  on  inputs 
of  HC/HCT  devices  to  protect  device  gate  oxide  from 
electrostatic  discharge  damage(ESD). 
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Input/Output  ESD  Protection 

HC/HCT  device  inputs  have  a  resistor-diode  protection 
network,  shown  in  Fig.  9,  that  protects  the  gate  oxide  from 
electrostatic  discharge  (ESD)  damage.  The  network  pro- 
vides protection  to  levels  typically  greater  then  2kV  in  all 
modes  pertaining  to  the  input,  as  shown  in  Fig.  10.  The 
2kV  figure  was  arrived  at  by  testing  devices  in  the  ESD  test 
circuit  shown  in  Fig.  11  while  conforming  to  the  MIL-STD- 
38510  requirements. 

The  recommended  handling  practices  for  QMOS  devices 
are  similar  to  those  described  in  RCA  Application  Note 
ICAN-6525,  "Guide  to  Better  Handling  and  Operation  of 
CMOS  Integrated  Circuits". 


Fig.  10  -  HC/HCT  ESD  test  modes 


*CHVW-s 

HIGH-  \ 
VOLTAGE 
SUPPLY  c 

|      '00 1 


TO 
•  DEVICE 

UNDER 
■  TEST 


Ch* HUMAN  BODY  CAPACITANCE  TO  GROUND 
Rs  =  BODY  SOURCE  RESISTANCE 


92CS  -37074 


Fig.  11  -  Test  circuit  used  to  measure  electrostatic  dis- 
charge (ESD)  in  HC/HCT  circuits.  The  rise  time  at  the 
output  terminal  should  be  13  ±  2nS. 
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Input  Interaction 

Another  effect  of  the  input-protection  network  is  the 
imposition  of  a  parasitic  transistor  between  adjacent  input 
pins.  Fig.  12  shows  this  transistor. 


V|»>VCC  *  VD  INO 


Fig.  12  -  Parasitic  transistor  caused  by  input-protection 
network. 

This  parasitic  transistor  may  cause  undesirable  interaction 
between  adjacent  inputs  if  the  input  level  is  greater  than 
Vcc+Vdiode.  RCA  QMOS  devices  minimize  the  alpha 
(cc  =IE/IC)  to  less  than  0.05.  This  feature  of  RCA  QMOS 
inputs  permits  proper  logic  operation  in  the  presence  of 
transients  and  also  allows  high-to-low  voltage  translation 
via  series  input  resistors.  The  typical  value  of  °c  for  QMOS 
ICs  is  .001.  Fig.  13  illustrates  how  control  of  °c  in  RCA 
QMOS  devices  provides  for  safe  conversion  of  12V  control 
logic  levels  to  5V  HC  system  logic  simply  by  insertion  of  a 
100k  ohm  resistor  in  each  input.  The  only  disadvantage  is 
that  logic  signals  are  delayed  by  1-2uS  and  therefore,  this 
scheme  works  well  only  with  rather  slow  12V  control  logic 
as  for  example,  in  automotive  applications.  When  the  input 
diodes  are  used  as  clamps  for  logic  level  translation,  the 
input  current  should  be  kept  to  2mA  or  less. 


VCC=5V 


100  kn 

12  V  O  WV 


-±-      100  kn  i0UT 


Furthermore,  RCA  devices,  except  for  special  cases  such 
as  transceivers  and  analog  switches  or  multiplexer  signal 
inputs,  can  reliably  operate  with  the  +1.5V  rule  without 
logic  errors.  Beyond  ±1.5V,  maximum  forward  current 
poses  a  second  limitation  with  respect  to  the  VCc  and  GND 
rail.  This  QMOS  and  JEDEC  rating  is  ±20mA  of  transient 
current  maximum  forced  into  inputs  or  outputs. 


Latch-Up 

Definition 

Latch-up  within  CMOS  IC  structures  may  be  initiated  or 
triggered  by  voltage  overshoot  or  undershoot  at  inputs, 
outputs,  or  supply  terminals.  A  high  transient  voltage  or 
current  at  any  one  or  combination  of  these  terminals  may 
initiate  turn-on  of  an  SCR-type  4-layer  diode  parasitic  bip- 
olar device,  as  shown  in  the  simplified  diagram  of  Fig.  14. 
This  parasitic  structure,  when  triggered  on,  keeps  the 
supply  voltage  below  the  VCc  voltage  and  thus  permits  a 
high  supply  current  of  several  hundred  mA  to  flow  (see 
Fig.  14).  The  resistor  values  of  rc,  rbt)'1  and  r0D'2  are 
dependent  on  circuit  layout  geometry  and  p+  and  n+  dop- 
ing levels. 


Ovcc 
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Fig.  14  -  Simplified  diagram  of  CMOS  4-layer  diode 
structure 


l0  =  «  l|  '  0.05  «  63  (iA  =  3.15  M 
»IL(B)  =  315  (lA  »  100  kfl  =  0.315  V 

Vil  max  (spec.)  1.5  V    Noise  Marglnl.5  V  -0.315  V=1.2  V  Approk. 

Fig.  13  -  12V-to-5V  logic-level  conversion  at  HC 
inputs  using  100kOhm  series  resistors 

Input-Voltage  Considerations  and  Maxi- 
mum Forward-Diode  Input  Current  Limits 

As  a  general  rule,  CMOS  logic  devices  employing  input 
clamp  diodes  (Fig.  9)  to  minimize  ESD  effects  should  be 
operated  between  the  power  supply  rails.  If  the  input  ser- 
ies polysilicon  resistor  shown  in  Fig.  9  is  not  considered, 
then  the  rule  is: 

-0.5V  <Vin  <(Vcc  +0.5V) 
This  rule  is  the  industry  standard  (JEDEC  Std.  No  7)  and 
is  intended  to  keep  users  from  damaging  devices  because 
the  devices  of  some  HC/HCT  device  manufacturers  the 
devices  do  not  have  the  built-in  input  series  polysilicon 
resistor.  RCA  HC/HCT  data  sheets  continue  to  show  the 
conservative  rating  established  by  JEDEC.  However,  RCA 
HC/HCT  device  inputs  are  capable  of  meeting  the  follow- 
ing rating:  -1 5V<V,n<Vcc  +1.5V. 


The  lower  the  value  of  these  resistors,  the  less  voltage 
drop  that  will  occur.  A  much  higher  trigger  current,  there- 
fore, will  be  required  to  induce  turn  on  of  the  SCR  struc- 
ture shown  in  Fig.  14. 

Also  important  are  established  layout  rules  and  process 
parameters  that  minimize  the  current  gain  (Beta)  of  the 
parasitic  NPN  and  PNP 


ransistors  shown  in  Fig.  14. 


parasitic  t 
Latch-Up  Capability 

The  trigger  current  that  could  potentially  trigger  latch-up 
of  QMOS  ICs  is  typically  ±80mA  at  any  input  or  output 
terminal.  Measurements  are  made  at  all  terminals  (see 
next  section  for  preferred  measurement  technique),  so 
that  these  terminals  have  a  minimum  acceptable  latch  cur- 
rent of  ±40mA.  The  absolute  maximum  rating  in  the 
QMOS  data  sheet  and  in  the  industry  JEDEC  Standard 
No.  7  is  +20mA.  The  possibility  for  transient  currents  in 
applications  are  more  likely  to  appear  at  input  terminals 
where  interfaces  could  cause  voltage  transients.  The  vol- 
tage required  to  induce  the  +40mA  measured  capability 
and  the  ±80mA  typical  capability  of  QMOS  ICs  as  illus- 
trated in  Fig.  15,  is  established  by  the  QMOS  built-in  120 
ohm  minimum  current-limiting  polysilicon  resistor  at  logic 
inputs. 
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Equations: 

VT  =  ItR  +  VD  +  Vex 
-VT  =  -ITR  —  Vd 

Values: 


R  =  120  ohms 
VD  =  0.7V 
Vcc  =  4.5V 


VT  =  40mA  X  0.12k  ohms  +  0.7V  +  4.5V  =  10V  min. 

VT  =  80mA  X  0.12k  ohms  +  0.7V  +  4.5V  =  14.8V  typ. 
-VT  =  -40mA  X  0.12k  ohms  -  0.7V  =  -5.2V  min. 
-VT  =  -80mA  X  0.12k  ohms  -0.7V  =  -10.3V  lyp. 
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If  the  quiescent  value  of  lCc  is  out  of  specification,  the 
input  and  output  structure  should  be  electrically  checked 
to  determine  if  the  I/O  circuitry  is  damaged  and  latch-up 
did  not  occur.  Further  device  analysis  may  be  required  to 
verify  if  latch-up  did  indeed  occur. 
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Fig.  15  Input  latch  transient  voltage  determination 

As  developed  in  Fig.  15,  the  minimum  and  typical  +VT 
transient  input  voltages  required  to  induce  either  ±40mA 
or  ±80mA  are  relatively  large,  and  far  greater  than  the 
transients  induced  in  5V  systems  where  2  or  3  volts  of  ring- 
ing transients  can  be  induced  via  wiring  inductance  effects. 
This  +40mA  QMOS  capability  is  truly  a  "latch-up  free" 
condition  for  operation  in  a  2V  to  6V  system.  If  transients 
are  induced  in  a  particular  application  beyond  +10V/-5.2V, 
then  the  use  of  external  series-limiting  resistors  are  advised 
to  keep  transient  currents  below  ±40mA.  Another  consid- 
eration is  unused  inputs.  If  unused  QMOS  inputs  are  tied 
to  a  Vcc  of  +5.5V  and  the  Vcc  of  the  QMOS  IC  is  temporar- 
ily grounded,  for  example,  in  a  2-power  supply  system,  or 
when  PC  cards  are  replaced  with  power  on,  no  possibility 
of  latch-up  will  exist  because  the  input  current  will  be 
limited  to  ±40mA  via  the  built-in  120-ohm  polysilicon 
series  resistor. 

Measuring  Latch-Up  Sensitivity 

Caution 

The  test  methods  that  follow  can  damage  devices  if  the 
following  precautions  are  not  strictly  observed. 

•  Apply  currents  for  1ms  (min)  to  5  seconds  (max). 

•  Limit  power  supply  currents  to  200mA. 

•  Allow  a  cool-down  period  between  successive  tests 
to  be  equal  to  or  greater  than  the  time  that  is  required 
to  apply  trigger  current. 

•  These  tests  may  be  safely  adapted  to  bench-testing 
with  meters  or  use  of  a  curve  tracer 

1.  Static  Input  or  Output  Triggering  for  Latch-up 

Vcc  supply  to  200mA 

For  input  triggering  connect  other  inputs  to  VCc  or  GND 
All  valid  logic  conditions  are  subject  to  test. 
For  Output  Triggering  (Figs.  16c/d): 

•  -lo  -  Active  outputs  must  be  set  low 

•  +lo  -  Active  outputs  must  be  set  high 

•  3-State  outputs  -  Also  set  output  to  high- 
impedance  state 

Apply  trigger  current  first  (Fig.  17) 

•  Apply  +l,  or±lo(Fig.  16) 

•  Raise  VCc  io  ±VCc  max. 

•  After  the  trigger  duration,  reduce  trigger  current  to 
zero 

•  If  Ice  is  less  than  its  quiescent  value,  the  device  is  not 
latched. 
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Test  set-up  for  positive  and  negative  trigger 
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Fig.  17  -  Latch  test  waveforms 

2.  Vcc  Triggered  Latch-Up  Test  by  Over-Voltage  on 
Vcc  (Fig.  18) 

Latch-up  can  occur  if  the  voltage  of  the  power  supply  is 
raised  above  the  absolute  maximum  supply  voltage  rating. 

Apply  a  Vcc  overvoltage  of  2X  VCc  max.  referenced  to 
GND  using  a  100-mA  limited  supply. 
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Figure  18:  Test  set-up  for  Vc  over-voltage  latch  trigger 

Measure  the  Vcc  voltage.  If  it  is  less  than  VCc  max.,  the  part 
has  latched. 
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Output  Characteristics 

QMOS  outputs  make  use  of  a  complementary  symmetry 
transistor  configuration,  which  is  different  from  the  LSTTL 
totem-pole  output;  both  outputs  are  shown  in  Fig.  19. 
QMOS  outputs  meet  the  voltage-level  requirements 
necessary  to  interface  to  QMOS  inputs,  and  the  drive  and 
current  requirements  needed  to  interface  to  bipolar  inputs; 
i.e.,  TTL,  LS,  ALS,  AS,  FAST,  etc. 

The  outputs  of  the  QMOS  devices  are  classified  into  two 
categories:  standard  and  bus  drive.  The  two  outputs 
differ  in  the  output  transistor  widths  needed  to  meet 
JEDEC  standard  drive  and  current  requirements.  Both 
standard  outputs  and  bus  drive  outputs  may  be  active  (2- 
state)  or  3-state  with  a  high-impedance  mode  added  and 
where  both  the  PMOS  and  NMOS  transistors  are  off. 
Another  type  of  QMOS  output  is  the  open-drain  output  of 
the  HC/HCT  03  Quad  NAND  gate  shown  in  Fig.  20.  This 
output  has  no  intrinsic  or  added  diode  connected  to  VCc  at 
the  output.  The  output  of  this  device  may  be  connected  to 
an  external  load  terminated  at  up  to  10V.  Thus,  outputs 
can  be  pulled  up  above  a  nominal  5V  supply  for  up-level 
voltage  conversion. 

The  HC/HCT03  is  the  only  QMOS  gate  type  whose  out- 
puts can  be  used  for  a  "wired  OR"  arrangement. 
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Fig.  19  -  Comparison  of  HC/HCT  (a)  and  LSTTL  (b) 
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Fig.  20  -  HC/HCT  03  output  circuit 


Fig.  21  -  Inherent  diodes  protecting  HC/HCT  outputs. 


Output  Protection 

The  outputs  in  a  QMOS  device  are  protected  from  ESD 
damage  by  diodes.  Figure  21  shows  these  diodes.  These 
intrinsic  diodes  are  effective  because  of  the  large  geome- 
tries (widths)  of  the  output  transistors.  These  diodes  are 
the  drain  to  n-substrate  junction  of  the  p  device  and  the 
drain  to  p-well  junction  of  the  n  device.  This  network  pro- 
vides protection  to  voltage  levels  typically  greater  than  3kV 
in  all  ESD  discharge  modes  pertaining  to  the  output  (see 
Fig.  9). 


Output  Currents 

QMOS  outputs  are  specified  for  both  CMOS  and  LSTTL 
loads.  CMOS  inputs  are  voltage  sensitive  and  the  only 
current  is  leakage  current.  The  output  voltage  test  for 
CMOS  interfacing  is  specified  for  l0  at  ±20uA  (20  CMOS 
loads).  The  outputs  are  also  specified  at  lo  =  4mA  (10 
LSTTL  loads)  and  6mA  (15  LSTTL  loads)  for  standard  and 
bus-drive  outputs,  respectively.  The  corresponding  Vol 
(max)  and  VOH  (min)  for  the  outputs,  are  illustrated  in 
Table  III. 

The  maximum  current  per  output  pin  (lo)  is  ±  25mA  and 
+35mA  for  standard  and  bus-drive  outputs,  respectively. 
This  maximum  current  rating  is  specified  when  the  out- 
puts are  in  their  active  regions:  -0.5V<Vo<VCc  +  0.5V.  The 
maximum  current  rating  per  power  pin,  VCc  or  ground,  is 
50mA  and  70  mA,  respectively,  for  standard  or  bus-drive 
outputs. 

When  the  output  voltage  exceeds  VCc  or  is  below  ground 
by  greater  than  500mV,  the  output  protection  diodes  turn 
on  and  conduct  current.  The  maximum  diode  transient 
current,  l0K,  should  not  exceed  ±40mA  to  avoid  latch-up 
as  described  earlier. 


Table  III  -  Output  Drive  Specifications 


Test  Conditions/Limits  (Vcc  =4.5V) 

Characteristic 

lo 

25°  C 

-40  to  85°  C 

-55  to125°C 

Unit 

High-Level  Output 

-20uA 

4.4 

4.4 

4.4 

V 

Voltage,  VoH(min) 

-4mA 

3.98 

3.84 

3.7 

V 

-6mA 

3.98 

3.84 

3.7 

V 

(Bus) 

Low-Level  Output 

20uA 

0.1 

0.1 

0.1 

V 

Voltage,  V0L(max) 

4mA 

0.26 

0.33 

0.4 

V 

6mA 

0.26 

0.33 

0.4 

V 

(Bus) 
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Output-Current  and  Interfacing  Capability 

A  comparison  of  the  output  drive  capabilities  for  QMOS 

with  those  of  LSTTL  is  as  follows: 

LSTTL  capability  is  usually  expressed  in  unit  loads 
(ULs)  where  the  load  is  specified  to  be  an  input  of  the 
same  family.  This  specification  assures  that  the  worst 
case  low  and  high  input  thresholds  will  be  met  and  the 
existing  margins  of  noise  immunity  preserved. 

QMOS  capability  is  expressed  as  source/sink  current  at 
a  specified  output  voltage.  Since  QMOS  requires  virtu- 
ally no  input  current,  the  unit  load  concept  does  not 
apply. 

With  a  specified  output  drive  of  0.4mA  at  0.4V,  the  QMOS- 
to-QMOS  interface  capability  exceeds  1000  ULs,  and  with 
a  20uA/0.1V  specification,  the  QMOS  capability  is  20ULs. 
Each  standard  QMOS  output  has  a  drive  capability  of  ten 
LSTTL  loads  and  maintains  a  Vol  of  0.4V  over  the  full 
temperature  range.  Bus  driver  outputs  can  drive  15  LSTTL 
loads  under  the  same  conditions. 

The  output  drive  capabilities  of  QMOS  expressed  in 
LSTTL  unit  loads  are  shown  in  Table  IV. 

Output  Curves 

Output  current  derating  versus  temperature  is  shown  in 
Fig.  22  and  is  valid  for  all  types  of  output.  Output  source 
and  sink  drives  at  VCc  =  2,  4.5,  and  6V  are  given  in  Figs.  23 
to  26  which  show  output  currents  versus  output  voltages. 
These  curves  indicate  the  typical  output  current  at  25° C 
and  minimum  output  currents  that  can  be  expected  at 
25°  C,  85°  C,  and  +125°C,  and  can  also  serve  as  a  design 
aid  in  interface  applications  and  for  calculating  transmis- 
sion line  effects  on  charging  highly  capacitive  loads. 

Note  to  Figs.  22  to  25:  The  expected  minimum  curves  are 
included  as  an  aid  to  equipment  designers,  and  are  tested 
only  at  the  points  indicated  on  device  data  sheets. 
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Fig.  22:  Output  current  derating  vs.  ambient  temperature. 


1  2 
OUTPUT  VOLTAGE  (V0>  -  V 

92CS- 38915 


2  l 
c  3 

Si 

Q  => 
X  U 

<«  10 


SUPPLY  VOLTAGE  (Vcc)  =  4.5  V 


PS 


(TYPT 


EXPECTED  MINIMUM 
AT  TA  =  25  X 


85  X 

■t-rtr 


2  4  6  8 

OUTPUT  VOLATGE  (Vg)  =  V 


92CS-389I4 


OUTPUT  VOLTAGE  (V0)-V 


92CS-389I3 


Fig.  23:  Standard  output  n-channel  sink  current  (I0l)  for 
VCc=2V,  4.5V,  and  6V. 


Table  IV:  Comparison  of  Output  Drive  Capabilities 


LS  Device 

Output  Drive 

HC/HCT 
Equivalent 

Output 
Type 

Output 

Drive 

74LS00 

4  mA  10  UL 

74HC00 

Standard 

4  mA 

10  UL 

74LS138 

4  mA  10  UL 

74HC138 

Standard 

4  mA 

10  UL 

74LS245 

12  mA  30  UL 

74HC245 

Bus 

6  mA 

15UL 

74LS374 

12  mA  30  UL 

74HC374 

Bus 

6  mA 

15  UL 
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Fig.  24:  Standard  output  p-channel  source  current  (-Ioh)  Fig.  25:  Bus-driver  output  n-channel  sink  current  (Iol)  for 
for  Vcc=2V,  4.5V,  and  6V.  VCc=2V,  4.5V,  and  6V. 
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OUTPUT  VOLTAGE  (Vq)  -  V 
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Dynamic  Characteristics 

The  RCA  QMOS  family  is  designed  to  meet  the  dynamic 
switching  speeds  and  operating  frequency  of  low-power 
Schottky  TTL  When  compared  to  metal-gate  CD4000  and 
74C  series  CMOS,  QMOS  shows  a  10  to  1  improvement  in 
ac  performance.  QMOS  types  feature  balanced  propaga- 
tion delays  and  transition  times  specified  at  conditions 
similar  to  LSTTL  at  a  nominal  Vco  =5V  and  Cl  =  15pF,  so 
that  the  user  can  relate  to  the  equivalent  LSTTL  specifica- 
tion. Switching  speed  limits  for  QMOS  are  given  at  a  more 
realistic  Vcc  of  4.5V  and  a  Cl  of  50pF.  Test  waveforms  for 
the  HC  and  HCT  types  are  shown  at  the  end  of  this 
section. 

Capacitive  Load  (CL)  Determination 

The  external  capacitive  loading  (Cl)  seen  by  a  QMOS 
output  is  required  to  calculate  the  propagation  delay  and 
operating  power  dissipation  of  a  logic  function.  The  three 
components  of  CL  at  a  logic  node  are: 

1.  n  On  where  n  is  the  fan-out. 

2.  m  Cout  where  m  is  the  number  of  three-state 
outputs  on  a  logic  bus. 

3.  Cstray  which  is  the  effective  wiring  and  intercon- 
nect capacitance. 

Cl  =  n  Cin  +  (m  -  1 )  Cout  +  Cstray  id 

Cin  is  shown  in  Fig.  27  for  typical  HCT  and  HC  type 
inputs.  Note  that  On  has  peak  values  at  the  respective 
switch  points  of  HCT  (1.4V)  and  HC(2.5V).  Capacitance 
on  either  side  of  the  peak  is  a  summation  of  package, 
lead-frame,  reverse-biased  input  diode,  and  CMOS  gate- 
to-source/drain  capacitance.  The  peak  capacitance  results 
from  the  Miller  multiplication  of  C  gate-to-drain  in  the 
high-gain  linear-transition  region.  The  values  of  Cm  that 
most  typically  represent  the  average  loading  effect  are 
4pF  for  HCT  inputs  and  3pF  for  HC  inputs.  On  for  HCT 
inputs  is  higher  than  that  for  HC  inputs  because  of  the 
required  large  gate-to-source/drain  capacitance  of  the 
large  NMOS  device  widths. 
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Fig.  26:  Bus-driver  output  p-channel  source  current  (-lOH) 
for  Vcc=2V,  4.5V,  and  6V. 
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Fig.  27:  Cin  as  a  function  of  Vin. 

Output  capacitance  (Cout)  is  typically  10pF  for  both  HCT 
and  HC-type  bus-driver  outputs  when  these  versions  are 
in  their  high-impedance  state,  the  only  state  where  Cout 
loading  is  a  factor. 

The  wiring  and  interconnect  capacitance  (Cstray)  is  determined 
by  estimates  of  interconnect  capacitance  and  wiring  cap- 
acitance. These  capacitances  are  highly  variable  because 
of  differences  in  interwiring  techniques.  An  often  used 
high-speed  wiring  technique  utilizes  strip  line  with  100- 
ohm  characteristic  impedance.  Cstray  in  this  case,  is  typi- 
cally 20pF  per  foot.  Capacitances  of  sockets  and  connec- 
tors are  available  from  their  manufacturers. 
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In  a  bus  system,  Cstray  is  the  largest  single  Cl  compo- 
nent, as  the  following  example  illustrates: 


Bus  Specification: 

No.  of  fan-outs  (n)  =  10 

No.  of  bus  drivers  (m)  =  5 
From  Equation  (1): 

CL  =  10  X  2.5pF  +  4  X  10pF  +  7  X  20pF 

=  25pF  +  40pF  +  140pF  =  205pF 


Propagation  Delays 


Propagation  Delays  Vs.  Supply  Voltage 

The  dynamic  performance  of  a  CMOS  device  is  related  to 
its  drain  characteristics.  The  drain  characteristics  are 
related  to  the  thresholds  and  gate-to-source  voltage 
potential,  Vgs.  The  Vgs  voltage  is  equal  to  the  power 
supply  voltage,  Vcc.  Therefore,  a  reduction  in  VCc 
adversely  affects  the  drain  characteristics  which,  in  turn 
increases  the  propagation  delays.  An  increase  in  VCc 
decreases  the  propagation  delays. 


The  voltage  range  of  the  HCT  version  is  5V  +  10%.  Over 
this  range,  the  effects  of  propagation  delays  on  perfor- 
mance are  minimal.  However,  the  voltage  range  recom- 
mended for  the  HC  version  is  2  to  6V.  Over  such  a  wide 
range,  the  effects  on  dynamic  performance  of  propagation 
delay  and  operating  frequency  (See  Fig.  28)  are  appre- 
ciable. 


Propagation  Delay  Vs.  Capacitance 

Propagation  delay  vs.  capacitance  for  the  RCA  family  of 
HC/HCT  types  is  similar  to  that  of  LSTTL  types  which 
HC/HCT  types  may  replace  in  present  or  new  applications. 


To  determine  a  propagation  delay  maximum  limit  at  any 
value  of  capacitive  loading  up  to  300pF,  the  following 
equation  is  used: 


Propagation  Delay  Vs.  Temperature 

Because  an  increase  in  temperature  causes  a  decrease  in 
electron  and  hole  mobilities,  a  temperature  increase  will 
cause  an  increase  in  propagation  delays.  Correspondingly, 
ac  performance  improves  with  lower  temperatures.  Typi- 
cally, speeds  derate  linearly  from  25°C  at  about  -0.3%/°C. 


The  propagation  delay,  therefore,  can  be  computed  at  any 
temperature  between  -55°C  and  +125°C  by  using  the  fol- 
lowing relationship: 

tpD(T)  =  tpD(25°C)+  [(T(°C)-25)  (0.003ns/°C)]  (3) 


CL  =  50  pF 
TA  =  25-C 


< 

J 

2        3        4        5        6        7  8 
SUPPLY  VOLTAGE  (Vcc)  -  V 


tPD  (Cl)  =  tpD  (50pF)  +  t(C)  [CL  -  50pF] 


(2) 


(b) 
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Where: 


tpD(CL)  =  maximum  propagation  delay  at  the  desired  CL 
tpD(50pF)  =  maximum  propagation  delay  from  device 
data  sheet  at  2V,  4.5V,  or  6V  (See  Table  V). 
t(CL)  Maximum  (ns/pF)  multiplying  factor  from  the  fol- 
lowing table: 


Fig.  28:  Typical  switching  speed  characteristic  versus 
supply  voltage  normalized  to  4.5V. 


Output  Transition  Times 


Vcc 
2V 
4.5V 
6V 


t(cL; 

Std.  Output 

0.272 
0.102 


(nS/pF) 

Bus  Output 

0.187 
0.068 


Table  V  shows  the  RCA  standard  and  maximum  ratings 
for  output  transition  times  applicable  to  all  standard  and 
bus-driver  outputs.  Typical  values  are  approximately  one- 
half  the  maximum  values.  Practical  unspecified  minimum 
values  are  one-fourth  the  limit  values. 
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Table  V  -  Output  Transition  Time  Limits  for  CL  =  50pF 


Maximum  Output 
Transition  Times  (ns) 

Output 

Vcc(V) 

Ta  —  25°  C 

Ta  =  85°C 

Ta 

=  125°C 

Standard 

2 

4.5* 
6 

75 
15 
13 

95 
19 
16 

110 

22 
19 

Bus 
Driver 

2 

4.5* 
6 

60 
12 
10 

75 
15 
13 

90 
18 
15 

'Specification  for  CD54HCT  and  CD74HCT  types. 


Output  Transition  Time  Vs.  Capacitive  Loading 

To  determine  the  maximum  output  transition  time  on  any 
capacitive  loading  up  to  300pF,  the  following  formula  is 

used: 

MCl)  =  tT(50pF)  +  t'(Cu  [C  -  50  pF]  (4) 

Where: 

MCl)  =  maximum  transition  time  at  the  desired  Cl 

tT(50pF)  =  limit  at  2V.  4.5V.  or  6V(Table  V) 

ItN(Cl)  =  (ns/pF)  multiplying  factor  from  the  following 

table: 


Vcc 

f(CL)  (ns/pF) 

Std.  Output 

Bus  Output 

2V 

0.544 

0.374 

4.5V 

0.204 

0.131 

6V 

0.170 

0.110 

Transition  Time  Vs.  Temperature 

Transition  time  at  HC/HCT  outputs  typically  changes  by 
-0.3%/°  C.  Equation  (3)  used  to  compute  increase  in  prop- 
agation delay  with  temperature  (see  above),  can  also  be 
used  to  compute  transition  time  at  any  temperature  by 
simply  substituting  tr  for  tPD. 

Clock  Pulse  Considerations 

All  HC/HCT  flip-flops  and  counters  contain  master-slave 
devices  with  level-sensitive  clock  inputs.  As  the  voltage  at 
the  clock  input  reaches  the  threshold  level  of  the  device, 
data  in  the  master  (input)  section  is  transferred  to  the 
slave  (output)  section.  The  use  of  voltage  threshold  levels 
for  clocking  is  an  improvement  over  ac-coupled  clock 
inputs,  however,  these  levels  make  these  devices  some- 
what sensitive  to  clock-edge  rates.  The  threshold  level  is 
typically  50%  of  VCc  for  HC  devices,  and  28%  of  VCc  for 
HCT  devices  (1.4V  at  VCc  =  5V).  Temperature  has  little 
effect  on  the  clock  threshold  levels. 

When  clocking  occurs,  the  internal  gates  and  output  cir- 
cuits of  the  device  dump  current  to  ground.  This  condition 
results  in  a  noise  transient  that  is  equal  to  the  algebraic 
sum  of  internal  and  external  gound  plane  noise.  When  a 
number  of  loaded  outputs  change  at  the  same  time,  it  is 
possible  for  the  chip  ground  reference  level  (and  there- 
fore, the  clock  reference  level)  to  rise  by  as  much  as 
500mV.  If  the  clock  input  of  a  positive-edge  triggered 
device  is  at  or  near  its  threshold  during  a  noise  transient 
period,  multiple  triggering  can  occur.  To  prevent  this  con- 
dition, the  rise  and  fall  times  of  the  clock  inputs  should  be 
less  than  500ns  at  Vcc  =  4.5V,  the  data  sheet  maximum 
value. 


In  the  HC/HCT  family,  several  flip-flops  have  a  Schmitt- 
trigger  circuit  at  their  clock  input.  This  circuit  increases 
the  maximum  permissable  rise/fall  time  on  the  clock  wave- 
form. The  RCA  flip-flop  types  HC/HCT  73,  74,  107,  109 
and  112,  have  special  Schmitt-trigger  circuits  which 
increase  their  tolerance  to  slow  rise/fall  times  and  to  high 
levels  of  ground  noise. 

Maximum  permissible  input-clock  pulse-frequency  ratings 
on  each  clocked  device  type  data  sheet  requires  a  50% 
duty  cycle  input  clock.  At  these  rated  frequencies,  the 
outputs  will  swing  rail-to-rail,  assuming  no  dc  load  on  the 
outputs.  This  feature  is  a  very  conservative  and  highly  re- 
liable method  of  rating  clock-input-frequency  limits  which 
for  HC/HCT  devices,  equal  or  exceed  LSTTL  ratings. 

Power  Consumption 

The  power  consumption  of  a  HC/HCT  device  is  com- 
posed of  . two  components:  one  static,  the  other  dynamic. 
The  static  component  is  the  result  of  quiescent  current 
caused  principally  by  reverse  junction  leakage.  The  dynam- 
ic component  results  from  transient  currents  required  to 
charge  and  discharge  the  capacitive  loads  on  logic  ele- 
ments, that  is,  transient  currents  caused  by  internal  and 
external  capacitance,  and  transients  resulting  from  the 
overlapping  of  active  p  and  n  transistors.  Internal  chip 
power  consumption  is  represented  by  the  value  Cpd. 

Two  equations  are  used  to  compute  the  total  IC  power 
consumption.  The  first  equation  (A)  is  applicable  to  an  HC 
or  HCT  device  when  the  inputs  are  driven  from  GND  to 
Vcc  (rail-to-rail),  as  follows: 

Equation  (A): 
P  =  Pdc  +  Pac 

P  =  IccVcc  +  CpdVcc2  fi  +  2  CLVcc2fo 
Where: 

Ice  =  Quiescent  Current  (Ref.  Table  VI) 

Vcc  =  Supply  Voltage 

fi  =  Input  Frequency 

fo  =  Output  Frequency 

Cpd  =  Device  Equivalent  Capacitance 

CL  =  Load  Capacitance 

The  second  equation  (B)  is  applicable  only  to  an  HCT 
device  where  specific  input  pins  are  driven  at  LSTTL  levels 
defined  as  Vim  =  Vcc  -  2.1V: 

Equation  (B): 
P  =  Pdc  +  Pac 

P  =  IccVcc  +  A  IccVccD  +  CPDVCc2fi  +  I  ClVcc^o 
Where: 

A  Ice  =  Added  dc  current  when  Vim  =  Vcc  -2.1V 
(LSTTL  level) 

D  =  Duty  cycle  of  clock  (%  of  time  HIGH) 
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Table  VI  -  Temperature  -  Dependent  Ratings 


LIMIT 

Ta =  25° C 

-40  to 

+85°  C 

-55  to 

+125°C 

V,N 

Vcc 

typ 

max 

74HCT 
MAX 

54HCT 
MAX 

Units 

Alec  additive 
dc  current  per 
input  pin 
(1-Unit) 

Vcc- 
2.1V 

4.5V 
to 
5.5V 

100 

360 

450 

490 

uA 

Table  VII  HC/HCT  and  LSTTL  Maximum  Quiescent 
Current  at  Vcc  =  5V   


Device 
Complexity 

HC/HCT 

LSTTL 

125°C 

Typical 
25°  C 

Limit 

25°  C 

85°  C 

125°C 

SSI 

2  nA 

2  uA 

20  uA 

40  uA 

4.4  mA 

FF 

4nA 

4  uA 

40  uA 

80  uA 

8  mA 

MSI 

8nA 

8  uA 

80  uA 

160  uA 

10  mA 

to 
95  mA 

The  temperature  dependent  ratings  for  Ice  are  given  in  the 
table  below: 


HCT  load  table  by  type  shown  on  each  data  sheet: 

Example-   ^  Unit  Multiplier 

All  X  0.6 


The  dynamic  power  due  to  outputs  is  the  sum  of  the  ac 
power  at  each  output.  The  user  must  independently  deter- 
mine the  CL  and  the  average  frequency  at  each  output. 
The  latter  requires  estimating  the  average  freguency  of 
data  nodes  in  a  logic  system.  For  example,  for  HC/HCT 
counter  types,  each  output  is  inherently  operating  at  dif- 
ferent frequencies. 

The  source  of  the  Cpd  or  device  equivalent-power-dissipa- 
tion capacitance  is  made  up  of  2  sources  of  internal  device 
power  consumption: 

1)  Power  consumed  by  charge  and  discharge  of 
internal  device  capacitance. 

2)  Power  consumed  through  current  switching  tran- 
sients. 


< 

1 
I 


INPUT  VOLTAGE  (V|N)  -  V 
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Fig.  29:  Ice  vs.  VIN  for  RCA  HC  types 


Fig.  29  illustrates  the  typical  Ice  vs.  Vin  characteristic  of 
HC  type  devices  Note  that  when  ViN  =  0.1V  or  (Vcc 
-0.1V),  zero  current  flows.  Thus,  no  Alec  component  is 
required  for  computing  the  power  consumption  of  HC 
device  types.  However,  the  transient  switching  com- 
ponents of  an  IC  consume  power  and  are  a  part  of  the 
Cpd  value. 

Fig.  30  illustrates  the  typical  Ice  vs.  V,N  characteristic  of 
HCT  type  devices.  Again,  if  input  voltages  are  0.1V  or 
(Vcc=  -0.1V),  no  Alec  value  exists.  Also  for  V,N  =  0.4V, 
Alec  is  zero.  If  ViN,  however,  is  an  LSTTL  logic  high 
level  of  (Vcc  -2.1V)  or  approximately  3V  for  Vcc  =  5V, 
then  significant  Alec  does  exit  and  is  indicated  in 
equation  (B)  as  the  Alec  component. 


The  special  input  design  of  RCA's  HCT  types  greatly 
reduces  the  value  of  Alec  such  that  the  added  power  is 
very  small;  for  example,  RCA's  HCT  power  is  minimal 
compared  to  LSTTL  power.  If  this  special  input  circui- 
try were  not  used,  the  AICc  values  would  be  relatively 
high  as  demonstrated  by  the  dashed  line  in  Fig.  30,  and 
the  HCT  type  would  not  have  very  low  power  when 
compared  to  LSTTL. 


NOTE:  The  low  value  of  Ice  is  due  to  a  special  input 
design  that  provides  a  true  low-power  HCT 
capability. 
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Fig.  30:  Ice  vs.  V,N  for  HCT  types 


Because  appreciable  current  flows  during  device  input 
switching  as  shown  in  Figs.  29  and  30,  it  is  important  to 
maintain  fast  input  rise  and  fall  times.  The  JEDEC  and 
RCA  recommended  maximum  input  rise  and  fall  times  are: 

1000  ns  for  Vcc  =  2V 
500  ns  for  Vcc  =  4.5V 
400  ns  for  Vcc  =  6V 

Since  maximum  output  transition  times  are  15ns  for  the 
standard  logic  types  and  12ns  for  bus  drivers,  a  designer 
must  only  be  concerned  with  exceeding  the  rise  and  fall 
times  shown  above  for  interfacing  or  linear  mode  opera- 
tion in  applications  such  as  RC  oscillators,  crystal  oscilla- 
tors, and  amplifiers  using  the  HCU04  types. 


When  Schmitt-trigger  types  HC/HCT14  and  132  are  used 
for  either  shaping  up  slow  signals  or  as  RC  oscillators, 
power  is  increased  due  to  prolonged  through-current.  For 
further  information  on  oscillators  and  their  power  con- 
sumption, refer  to  RCA  Application  Note  (ICAN-7337), 
"Astable  Multivibrator  Design  Using  High-Speed  QMOS 
IC's". 

The  adverse  effects  of  power  transitions  is  another  reason 
to  maintain  input  rise  and  fall  times  under  the  recom- 
mended limits.  Longer  transitions  may  cause  oscillations 
of  logic  circuits  (and  hence,  logic  errors)  or  premature 
triggering  depending  on  system  Vcc  and  GND  noise, 
which  are  amplified  when  input  signals  hover  near  the 
switching  voltages  illustrated  in  Figs.  29  arid  30.  To  reduce 
the  effects  of  slower  transitions,  the  use  of  Schmitt  trigger 
types  is  recommended. 

Comparison  to  LSTTL  Power 

The  dynamic  power  consumption  of  HC/HCT  devices  is 
frequency  dependent,  but  it  should  be  noted  that  LSTTL 
power  consumption  is  also  frequency  dependent  at  fre- 
quencies greater  than  1MHz.  At  frequencies  less  than 
1MHz,  the  dynamic  component  is  negligible  compared  to 
the  static  component.  The  average  power  consumption  of 
HC/HCT  and  LSTTL  equivalents  is  illustrated  in  Fig.  31  for 
four  device  types.  Because  all  of  the  functions  in  a  multi — 
functional  LSTTL  device  are  biased  when  power  is  app- 
lied, the  HC/HCT  device  characteristics  are  plotted  for  a 
single  function  and  for  the  total  package  for  the  purposes 
of  comparison. 

Some  observations  from  Fig.  31  are: 

1)  For  SSI  gate  types,  the  HC/HCT  power  approaches 
LSTTL  power  at  about  1  MHz. 

2)  For  higher  complexity  types  such  as  the  RCA  HC/ 
HCT  138  3-of-8  line  decoder/demultiplexer  shown 
in  Fig.  31(c),  HC/HCT  power  approaches  LSTTL 
power  at  above  10MHz. 


FREQUENCY  (Hz)       MCS-SToes  FREQUENCY  (Hz) 

Fig.  31  -  Power  versus  frequency  graphs  for  the  (a) 
LS/HC/HCT00,  (b)  LS/HC/HCT74,  (c)  LS/HC/ 
HCT138,  and  (d)  LS/HC/HCT243. 
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3)  Fig.  31  implies  continuous  operation  at  the  fre- 
quencies shown,  however,  most  practical  applica- 
tions of  logic  in  microcomputer  systems  have  varia- 
ble operation  or  data/address  signal  rates.  The 
average  operating  frequency  is  much  below  the 
peak  operating  frequency  —  particularly  in  the 
100KHz  region  where  power  savings  over  LSTTL 
are  several  orders  of  magnitude. 


Power-Supply  Considerations 
Power-Supply  Voltages 

The  RCA  HC  and  HCU  versions  have  a  power  supply 
range  of  2  to  6V;  the  absolute  maximum  voltage  rating  is 
7V.  The  ability  to  use  RCA's  HC  types  with  a  2V  supply 
makes  these  devices  particularly  useful  in  battery-operated 
equipment,  especially  systems  including  memories  that 
feature  2V  standby  operation.  The  absolute  maximum 
supply  or  ground  current,  per  pin,  is  +50mA  for  types  with 
standard  output  drive,  and  +70mA  for  types  with  bus 
driver  outputs. 

The  operating  supply-voltage  range  for  RCA's  CD74HCT 
types  is  4.5V  to  5.5V,  5V  +  10%.  These  figures  indicate  that 
there  is  more  tolerance  in  the  regulation  of  the  low-current 
system  supply  than  is  the  case  with  other  technologies. 
The  maximum  voltage  indicated  for  HC  and  HCU  versions 
also  applies  to  HCT  versions.  The  advantages  of  using 
HC/HCT/HCU  with  its  wider  voltage  supply  range  are 
illustrated  in  Fig.  32. 


n 


Fig.  32:  Power-supply  ranges  for  CD74HCT,  CD74HC  and 
CD74HCU  versions  of  the  RCA  family  of  devices  and  74LS 
series  types. 


Battery  Back- Up 

Battery  back-up  can  be  easily  implemented  in  systems  of 
RCA's  HC/HCU  devices.  An  example  of  this  arrangement 
is  shown  in  Fig.  33.  The  minimum  battery  voltage  required 
is  only  2V  plus  one  diode  drop. 

In  the  example,  RCA's  High-to-Low  Level  Shifters  (HC4049 
or  HC4050)  are  used  to  prevent  the  flow  of  positive  input 
currents  into  the  system  due  to  input  voltage  levels  greater 
than  one  diode  drop  above  VCc.  If  the  circuit  design  is  such 
that  input  voltages  can  exceed  VCc,  then  external  resistors 
should  be  included  to  limit  input  currents  to  2mA.  External 
resistors  may  also  be  necessary  in  the  output  circuits  to 
limit  currents  to  2mA,  if  the  output  can  be  pulled  above 
Vcc  or  below  GND.  These  currents  are  due  to  inherent 
Vcc/GND  diodes  that  are  present  in  all  outputs,  including 
three-state  outputs. 


HIGH-TO-LOW 
LEVEL  SHIFTER 
TYPES  HC4049, 


BATTERY^ 
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Fig.  33  -  Example  of  an  HC/HCU  system  with  battery 
back-up. 


Power  Supply  Regulation  and  Decoupling 

The  wide  power  supply  range  of  2  to  6V  may  suggest  that 
voltage  regulation  is  not  necessary,  but  it  must  be  realized 
that  a  changing  supply  voltage  affects  system  speed,  noise 
immunity  and  power  consumption.  Because  noise  immun- 
ity, and  even  the  correct  operation  of  the  circuit,  can  be 
affected  by  noise  spikes  on  the  supply  lines,  therefore, 
matched  decoupling  is  always  necessary  in  dynamic 
systems. 

Both  HC  and  HCT  types  have  the  same  power  supply  reg- 
ulation and  decoupling  requirement.  The  best  method  of 
minimizing  spiking  on  the  supply  lines  is  by  implementing 
good  power  supply  and  ground  bussing  and  having  low  ac 
impedances  from  the  Vcc  and  GND  pins  of  each  device. 
Because  the  minimum  value  of  a  decoupling  capacitor 
depends  on  the  voltage  spikes  that  can  be  allowed,  it  is  a 
general  rule  to  restrict  ground  and  Vcc  noise  peaks  to 
400mV.  A  local  voltage  regulator  on  the  printed-circuit 
board  can  be  decoupled  using  an  electrolytic  capacitor  of 
10  to  50  uF. 

Localized  decoupling  of  devices  can  be  provided  by  a 
22nF  capacitor  for  every  two  to  five  packages,  and  a  1uF 
tantalum  capacitor  for  every  ten  packages.  The  Vcc  line  of 
bus  driver  circuits  and  level  sensitive  devices  can  be  effec- 
tively decoupled  from  instantaneous  loads  by  a  22  nF 
ceramic  capacitor  connected  as  close  to  the  package  as 
possible. 

A  practical  example  of  determining  the  value  of  a  decou- 
pling capacitor  is  as  follows:  assume  that  a  buffer  output 
sees  a  100-ohm  dynamic  load  and  that  the  output  low-to- 
high  transition  is  5V,  then  the  current  demand  is  50  mA 
per  output.  For  an  octal  buffer,  the  current  demand  would 
be  0.4A  per  package,  in  approximately  6  nS. 

The  following  formula  can  also  be  used  to  determine  the 
value  of  a  decoupling  capacitor: 


The  term  Q  =  CV  is  differentiated  to  obtain  —  =  C—  • 

At  At 

Since  —  =  I,  the  equation  becomes  I  =  C  7-^  • 
At  At 


Hence:  C  =  — 
AV 
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For  an  octal  buffer,  assuming  a  change  in  VCc  or  GND  of 
0.4V,  then; 

.  0.4AX6X  1Q-9S  . 


=  6X10-9F  =  6nF. 
0.4  V 


For  further  information  on  power-supply  regulation  and 
decoupling,  refer  to  RCA  Application  Note  ICAN7329, 
"Power-Supply  Distribution  and  Decoupling  for  QMOS 
High-Speed  IC's." 

Interfacing 

Because  of  the  characteristics  of  the  CMOS  output,  the 
HC/HCT  family  is  very  versatile  in  interfacing  between  dif- 
ferent logic  families.  This  capability  including  the  corres- 
ponding fanout  is  illustrated  in  Fig.  34. 

Note  that  the  fanout  to  CMOS  devices  is  limited  only  by 
the  input  rise  and  fall  times,  which  are  dependent  on  the 
capacitive  loading,  CL.  This  dependence  can  be  computed 
by  the  following  relationship: 

t„,  tF  =  2.2  RCl  (5) 

where  R  is  the  impedance  of  the  output. 


r       I  I        TTL.  LS,  A  IS.  S  \  |  |  T 


For  further  information  on  interfacing,  refer  to  RCA  Appli- 
cation Note  ICAN7325,  "Interfacing  HC/HCT  QMOS  Logic 
with  Other  Families  and  Various  Types  of  Loads." 

Logic-Level  Conversion 

The  HC/HCT  family  contains  logic-level  conversion  types 
necessary  to  interface  high-voltage  logic  levels  (up  to  15V 
common  in  control  and  automation  systems)  to  low  vol- 
tage levels  (down  to  2V)  as  shown  in  Fig.  36. 


Vcc  =  2  V  TO  6  V 


'o-ucc 


A)  HEX  INVERTING 


fcc  =  2VTOBV 


V|N  =  VCCTO 
AND  GND 


Vcc  AND  GND 


B)  HEX  NON-INVERTING 


Fanout  From: 

To  Corresponding  Logic  Families: 

HC/HCT 

TTL 

LS 

ALS 

FAST 

S/AS 

4000,  74C 

Standard  Types 

2 

10 

20 

6 

2 

Bus  Drivers 

3 

15 

30 

10 

3 

Text 

Fig.  34  -  HC/HCT  interfacing  capability  and  corresponding 
fanout  to  other  logic  families 


Fig.  36  -  High-to-low  logic  level  conversion 


The  Quad  open-drain  NAND  gate  (HC/HCT03)  is  used  to 
convert  from  HC  (2V  to  6V)  or  HCT  (TTL  or  CMOS)  logic 
levels  up  to  10V  output  logic  levels  as  shown  in  Fig.  37  RL 
can  be  a  very  wide  range  of  values.  For  design  of  this  out- 
put interface,  use 


RCA's  HC  types  cannot  be  driven  from  any  of  the  TTL 
families  because  the  TTL  output  voltage  high,  Voh  (min), 
does  not  satisfy  the  HC  input  voltage  high,  ViH(min)  speci- 
fication. The  HCT  types  can  be  directly  interfaced  to  the 
TTL  families  because  the  HCT  input  voltage  high,  V[H 
(min)  is  less  than  the  TTL  output  voltage  high,  V0H(min). 
To  meet  minimum  Vm  requirements,  HC  types  can  use  a 
pull-up  resistor  as  illustrated  in  Fig.  35. 


92CS-39897 

Fig  37  -  Low-to-high  logic-level  conversion 


-  SLOWS  SPEED  DOWN 

-  INCREASES  POWER  DISSIPATION 
JT  -  DECREASES  NOISE  MARGIN 

-  DECREASES  FAN-OUT 


92CS-  3M99 

Fig  35  -  Use  of  pull-up  resistor  to  interface  TTL  and  HC 
devices. 

However,  the  use  of  a  pull-up  resistor  will  not  give  opti- 
mum performance  because  as  noted  in  Fig.  35,  the  resistor 
tends  to  slow  down  system  speed,  increase  power  dissipa- 
tion, decrease  noise  margin,  and  decrease  fan-out. 


the  output  N-MOS  transistor  characteristics  of  Fig.  23.  The 
minimum  value  of  Rl  is  that  necessary  to  keep  the  output 
current  below  the  25mA  HC/HCT  family  maximum  rating. 
A  large  value  of  Rl  will  prolong  the  output  rise  time. 

System  (Parallel)  Clocking 

When  utilizing  the  HC/HCT  family  in  synchronously 
clocked  systems  the  following  guidelines  should  be  fol- 
lowed. Because  of  variations  in  switching  points  between 
devices,  a  slow  clock  edge  could  cause  a  logic  error.  If 
data  in  one  of  the  synchronously  clocked  circuits  changes 
before  the  switching  point  of  the  next  sequential  circuit  is 
reached,  a  logic  error  will  occur.  This  situation  is  illus- 
trated in  Fig.  38. 

VS1  =  Switching  point,  device  1 
VS2  =  Switching  point,  device  2 
tp  =  Propagation  delay 
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Because  of  variations  in  input  threshold  voltages  among 
RCA's  HC-version  devices,  the  maximum  clock-pulse  rise 
or  fall  time  should  adhere  to  the  following  relationship: 


tr,  tf  (max)  <2tp  (max) 


(6) 


In  a  system  where  HC,  HCT,  and  TTL-type  families  are 
mixed,  the  maximum  clock  pulse  rise  or  fall  times  should 
adhere  to  the  following  relationship: 


tR,  tf  (max)  <tp  (max) 


(7) 


It  is  recommended  that  a  Schmitt-trigger  circuit  be  utilized 
if  wave-shaping  is  required. 

The  maximum  rise  or  fall  time  into  any  RCA  HC  or  HCT 
device  must  be  limited  to  1000,  500,  and  400  nS  at  2,  4.5, 
and  6  volts,  respectively.  If  these  limits  are  exceeded, 
noise  on  the  input  or  power  supply  may  cause  the  outputs 
to  oscillate  during  transition.  This  oscillation  could  cause 
logic  errors  and  unnecessary  power  consumption. 


VS1 

Vlt[MAX)_j/| 

r 

i 

Fig.  38  -  Result  of  changing  data  in  one  synchonously 
clocked  circuit  before  the  switching  point  of  the  next 
sequential  circuit  is  reached. 

Drop-In  Replacement 

The  use  of  RCA  HCT  family  devices  make  it  unnecessary 
to  sacrifice  noise  margins,  speed,  and  quiescent  power 
dissipation  in  constructing  interfaces  to  achieve  mixed- 
technology  designs.  This  performance  is  possible  because 
HCT  devices  are  TTL  compatible  and  can  directly  replace 
LSTTL  counterparts  without  the  addition  of  pull-up  resis- 
tors at  the  LSTTL  outputs. 

Fan-out  capabilities  should  be  taken  into  account  when  an 
HCT  device  is  used  to  replace  a  TTL  part.  TTL  fan-out  is 
usually  expressed  in  unit  loads  (ULs)  and  the  load  is  spec- 
ified to  be  an  input  of  the  same  family.  In  fact,  TTL  fan-out 
is  determined  by  the  ability  of  the  outputs  to  sink  current 
(a  TTL  input  usually  sources  current).  The  outputs  of  HCT 
devices  are  classified  in  two  categories:  standard  and  bus- 
driver.  Table  VIII  shows  the  fan-out  for  the  different  TTL 
families. 

For  further  information  on  drop-in  replacements,  refer  to 
RCA  Application  Note  ICAN7330,  "Replacing  LSTTL  with 
QMOS  High-Speed  Logic  IC's". 

The  fan-out  values  shown  in  Table  VIII  are  derived  at  a 
voltage  drop  of  maximum  0.4V  (Vol).  In  the  "74"  TTL  ser- 


ies, an  extended  Vol  value  is  often  seen,  e.g.,  8  mA  at  0.5V 
voltage  drop  for  LSTTL.  If  this  value  is  used  in  determining 
the  fan-out  of  the  TTL  part,  it  can  result  in  a  higher  fan-out 
than  is  possible  with  QMOS.  This  condition  can  be 
resolved  by  replacing  as  many  of  the  driven  TTL  parts  as 
possible  by  HCT  devices  to  reduce  the  sink  current  require- 
ment (the  HCT  input  current  is  neglegible).  Furthermore, 
the  use  of  HCT  devices  results  in  a  substantial  reduction 
in  power  dissipation. 

Devices  of  the  HCT  family  are  power-saving,  virtually 
drop-in  replacements  for  LSTTL  parts.  The  total  power 
consumed  by  a  system  depends  largely  on  the  number  of 
gates  switching  at  any  time  and  on  the  switching  fre- 
quency, but  in  most  systems  only  about  30%  of  all  circuits 
switch  at  the  maximum  system  frequency;  70%  operate  at 
far  lower  rates.  Thus,  even  in  systems  using  ALS,  AS,  S 
and  FAST,  the  HCT  family  can  be  used  with  consequent 
power-savings  and  good  reliability  improvement  in  mixed 
technology  designs. 


Conversion  of  LSTTL  Test  to  HCT  Test 

A  simplified  technique  to  convert  an  LSTTL  test  program 
to  one  that  properly  tests  an  HCT  type  is  explained  in  RCA 
application  note  ICAN-7323  "Modification  of  LSTTL  Test 
Programs  to  Test  HCT  High-Speed  CMOS  Logic  IC's". 


Bus  Systems 

Bus  systems  are  commonly  used  in  microcomputer  appli- 
cations. RCA  CMOS  devices  are  being  increasingly  used 
in  these  applications,  for  example,  several  CMOS  versions 
of  popular  NMOS  processors  have  recently  been 
introduced. 

There  are  several  constraints  imposed  on  microprocessor 
systems  in  industrial  applications,  such  as  electrically  noisy 
environments,  battery  stand-by  requirements  and  sealed, 
gas-tight  enclosures.  QMOS  bus  systems,  e.g.,  the  pro- 
posed CMOS  STD  bus  (a  non-proprietary  CMOS  bus  pro- 
posed standard)  provides  a  low  power  solution  to  virtually 
all  of  these  problems.  In  comparison  with  older  bipolar 
digital  IC  Bus  standards,  QMOS  bus  systems  offer  super- 
ior noise  immunity,  equal  operating  speed,  lower  power 
dissipation,  wider  supply  voltage  range,  extended  temper- 
ature range,  and  enhanced  reliability. 

In  order  to  optimize  results  with  QMOS,  particularly  in  cir- 
cuits which  communicate  directly  with  the  bus,  the  use  of 
only  HC  devices  is  recommended,  because  HC  QMOS 
optimizes  input-signal  noise  immunity  with  HC  QMOS  a 
new  low-power  bus  termination  can  be  introduced  (see 
Fig.  39  (b))  which,  unlike  the  conventional  high-current 
TTL  bus  termination  of  Fig  39a,  draws  no  heavy  dc  cur- 
rent and  is  more  suited  to  QMOS  outputs.  Both  HC  and 
HCT  QMOS  have  the  identical  rail-to-rail  output  drive. 

The  wider  supply  voltage  range  of  HC  type  QMOS 
together  with  its  lower  power  dissipation  virtually 
eliminates  problems  caused  by  voltage  drops  along  power 


Table  VIII:  Fan-Out  of  HCT  to  TTL  Elements 


HCT 

TTL 

LS 

ALS 

FAST 

S&AS 

Standard 

2 

10 

20 

6 

2 

Bus-Driver 

3 

15 

30 

10 

3 
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pick-up  can  exceed  the  CMOS  input  current  maximum 
ratings  if  the  input  current  is  not  limited  by  a  10k-ohm 
series  resistor  in  the  QMOS  logic  line.  This  series  resistor 
will  limit  transient  current  to  ±20  mA  for  external  voltages 
of  up  to  +200V.  However,  for  correct  functioning,  the  dc 
input  current  should  be  kept  below  2  mA.  This  type  of 
card  edge  input  protection  is  shown  in  Fig.  40. 

In  the  circuit  of  Fig.  40,  if  the  input  diode  current  exceeds 
2mA,  a  QMOS  high-to-low  level  shifter  should  be  used 
(e.g.,  HC4049,  or  HC4050). 


(a)  Conventional  terminations  for  TTL  buses  -  0.25  W  per 
line  or  2  W  per  octal  drive  and  termination. 


Because  QMOS  bus-drivers  do  not  have  built-in 
hysteresis,  slowly  rising  pulses  should  be  avoided  or 
devices  with  Schmitt-trigger  action  should  be  used,  such 
as  the  QMOS  flip-flop  series  HC/HCT73,  74,  107,  109,  112, 
or  the  dedicated  Schmitt-trigger  types  HC/HCT14  and 
132.  The  rise  and  fall  times  can  be  derived  from  the  infor- 
mation given  in  the  section,  "Propagation  Delays  and 
Transition  Times". 


>3300 


(b)  Proposed  low-power  termination  for  CMOS  STD  bus 
equivalents.  mcs-mm6 
Fig.  39  -  Bus  Terminations 

buses  between  cards  in  a  system.  It  is  possible  for  a  cir- 
cuit to  pick  up  severe  noise  spikes  or  differential 
voltages  via  the  card  edge-input  protection  circuit.  Such 


Ovcc 


Fig.  40:  Example  of  the  card  edge-input-protection  circuit. 
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Standardized  Capacitance  Power  Dissipation  (CPD)  Test  Procedure 


The  purpose  of  the  CPD  number  is  to  allow  the  user  to  esti- 
mate the  actual  power  consumption  of  his  system.  There- 
fore, the  table  has  been  set  up  to  exercise  each  device  in 
the  same  manner  as  it  would  usually  be  used.  Devices 
which  are  separable  into  independent  sections  are 
measured  on  a  "per  section"  basis,  the  remaining  are  mea- 
sured on  a  "per  device"  basis.  Each  part  number's  unique 
setup  is  listed  in  the  "Pin  Condition  Table."  The  following 
paragraphs  describe  the  generic  set  up  for  each  class  of 
devices: 


Ail  part  numbers:  Measurements  are  to  be  made  at  Ta  = 
25 "C,  Vcc  =  5V,  and  3-state  outputs  both  enabled  and  dis- 
abled. 

Gates:  Switch  one  input.  Bias  the  remaining  inputs  such 
that  the  output  switches. 

Latches:  Toggle  as  in- a  flip-flop. 

Flip-flops:  Switch  the  clock  pin  while  changing  "D"  (or 
biasing  "J"  and  "K")  such  that  the  output(s)  change  each 
clock  cycle.  For  part  numbers  with  common  clocks,  exer- 
cise the  "D",  "J",  or  "K"  inputs  of  only  one  flip-flop.  Set  the 
inputs  of  the  remaining  flip-flops  so  they  do  not  change 
state. 

Decoders  /  Demultiplexers:  Switch  one  address  pin, 
which  changes  two  outputs. 

Data  Selectors  /  Multiplexers:  Switch  one  address  input, 
with  the  corresponding  data  inputs  at  opposite  logic 
levels,  so  that  the  output  switches. 

Counters:  Switch  the  clock  pin,  with  other  inputs  biased, 
such  that  the  device  counts. 


Shift  Registers:  Switch  the  clock,  adjust  the  data  inputs 
such  that  the  shift  register  fills  with  alternate  1's  and  O's. 

Transceivers:  Switch  one  data  input.  For  bi-directional 
transceivers  enable  only  one  direction. 

One  Shots:  TO  BE  DETERMINED 

Parity  Generators:  Switch  one  input. 

Priority  Encoders:  Switch  the  lowest  priority  input. 

Rams:  TO  BE  DETERMINED 

Display  Drivers:  Switch  one  input  such  that  approximately 
half  the  outputs  change  state. 

ALUs  /  Adders:  Switch  one  least  significant  input  bit,  bias 
the  remaining  inputs  so  that  the  device  is  alternately 
adding  0000  (binary)  or  0001  (binary)  to  1111  (binary). 

Since  CPD  is  a  measure  of  device  power  consumption,  and 
not  that  of  the  driven  load,  each  output  would  ideally  be 
unloaded.  However,  this  is  impractical  with  automatic 
testers  which  often  have  30  to  40  pF  hanging  on  each  pin. 
Therefore,  each  output  which  is  switching  should  be 
loaded  with  the  standard  50  pF.  The  equivalent  load  capac- 
itance, based  on  the  number  of  outputs  switching  and 
their  frequency,  is  then  subtracted  from  the  measured 
gross  CPD  number  to  obtain  the  device's  actual  CPD 
value. 

If  a  device  is  tested  at  a  high  enough  frequency,  static  sup- 
ply current  will  contribute  a  negligible  amount  to  power 
consumption  and  can  be  ignored.  Thus,  it  is  recommended 
that  power  consumption  be  measured  at  1  MHz  and  the 
following  formula  be  used  to  calculate  CPD: 

CPD  =  ;VrilSffiE6)  "  (equ'va'ent  load  capacitance) 
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EXPLANATION  OF  SYMBOLS 

Key 

V  =  Vcc  (+5V) 

Input  pulses 

G  =  ground 

H  =  logic  1  (Vcc)  -  inputs  at  Vcc  for  HC  types;  3.5  V  for 
HCT  types 

'  n  n  n  n  Vcc 

J   U   U   U  L„0 

L  =  logic  0  (ground) 

o  I  1         I  1  Vcc 

D  =  don't  care  -  either  H  or  L  but  not  switching 

I               I  1               I   CNO 

C  =  a  50  pF  load  to  ground 

0  =  an  open  pin;  50  pF  to  ground  is  allowed 

P  =  input  pulse  (see  illustration) 

Q  =  half  frequency  pulse  (see  illustration) 

R  =  1  kfi  pull-up  resistor  to  an  additional  5  V  supply  other 

than  the  Vcc  supply 

B  =  both  R  and  C 

Pin  Condition  Table  for  CPD  Tests 


Equiv-  Pin  Number 

HC/  alent 
HCT  Load 

Types    (pF)    ,   2  3  4  5  6  7  8  9  10  11    12   13   14   15   16   17   18   19  20  21   22  23  24  25  26  27  28 
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D 

D 

O 

D 

D 
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p 
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D 
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D 

0 

G 

0 

D 

0 

D 

0 

D 

V 
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O 
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Pin  Condition  Table  (Conf  d) 

Equiv-  Pi°  Number 

HC/  alent 
HCT  Load 
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1 

I 

5  6 

7  8 

9 

10 

1 1 

12 
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50 
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L 

H 

C 

L  L 

0  G 

0 

L 

L 

O 

L 

L 

L 

V 
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55 
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D  0 

H  G 

H 

H 

C 

C 

C 

C 

C 

V 

161 

50 
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D 

D 

0  D 

H  G 

H 

H 

C 

C 

C 

C 

C 

V 

162 

55 
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c 

c 

c 
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50 

H 

p 

D 

D 

D  D 

C  G 

c 

Q 

D 

D 

D 

D 

L 

v 

166 

25 

Q 

D 

D 

D 

D  L 

P  G 

H 

D 

D 

D 

C 

D 

H 

V 

173 

25 

L 

L 

C 

0 

0  0 

P  G 

L 

L 

D 

D 

D 

Q 

|_ 

v 

174 

25 

H 

C 

Q 

D 

0  D 

0  G 

P 

0 

D 

o 

D 

D 

o 

V 

175 

50 

H 

c 

C 

Q 

D  0 

0  G 

p 

0 

0 

D 

D 

0 

0 

v 
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P 

H 

H 

L 

L  H 

H  L 

c 

c 

c 

G 

c 

B 

c 

c 

c 

L 
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L 

H 

L 

H 

V  — 
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L 

H  L 
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C 

O 

C 
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P 

H 

L 

V 
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60 

D 

C 
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D 

D 
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D 

v 
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53 

D 

C 
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D 

D 
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c 
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D 

v 
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60 
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D 

D 
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c 

L 

D 

v 
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D 

c 
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H 

P  C 

C  G 

D 

D 
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c 

c 
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D 

V 
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Q 

D 

D 

0  D 

D  G 

H 

L 

P 

c 

c 

C 

C 

V 
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H 

H 

L 

D 

D  D 
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H 

p 

c 

c 

c 

c 

c 

V 
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P 

C 

0  0 
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D 

D 

D 

0 

c 

0 
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V 
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L 
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O  D 
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O  D 
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Pin  Condition  Table  (Cont'd) 

Equiv-  Pin  Number 

HC/  alent 
HCT  Load 


Types 

(pF) 

1Jo4bb/oylU 

1 1 

12 

1 1 

14 

15 

lo 

17 

18 

1  Q 

iy 

/A) 

01 

Z\ 

11 

16 

*>A      1C     OC  OT 
Z*K     ZD     ZD  Zf 

299 

250 

HLLCCCCCHG 

Q 

P 

C 

C 

C 

C 

C 

D 

L 

V 

354 

100 

DDDDDDLHLG 

L 

L 

L 

P 

L 

L 

H 

C 

C 

V 

356 

50 

DDDDDDDQPG 

L 

L 

L 

L 

L 

L 

H 

C 

C 

V 

365 

50 

LPCDODOGOD 

O 

D 

0 

D 

L 

V 

366 

50 

LP  CDODOGOD 

0 

D 

O 

D 

L 

V 

367 

50 

LP  CDODOGOD 

o 

D 

o 

D 

L 

V 

368 

50 

LPCDODOGOD 

o 

D 

o 

D 

L 

v 

373 

25 

LCQDOODDOG 

p 

0 

D 

D 

0 

o 

D 

D 

0 

V 

374 

25 

LCQDOODDOG 

p 

0 

D 

D 

o 

o 

D 

D 

0 

V 

377 

25 

LCQDOODDOG 

p 

O 

D 

D 

O 

0 

D 

D 

0 

V 

390 

50 

P  LCQCCCGOO 

o 

D 

0 

D 

D 

V 

393 

47 

P  LCCCCGOOO 

o 

D 

D 

V 

423 

100 

LP  HCOOOGDD 

D 

0 

c 

0 

R 

V 

533 

25 

LCQDOODDOG 

p 

0 

D 

D 

0 

o 

D 

D 

0 

V 

534 

25 

LCQDOODDOG 

P 

O 

D 

D 

O 

0 

D 

D 

0 

V 

540 

50 

LP  DDDDDDDG 

o 

0 

o 

0 

0 

o 

0 

c 

L 

V 

541 

50 

LP  DDDDDDDG 

o 

o 

o 

0 

o 

o 

o 

c 

L 

V 

563 

25 

LQDDDDDDDG 

p 

o 

0 

o 

o 

o 

o 

0 

c 

V 

564 

25 

LQDDDDDDDG 

p 

o 

o 

0 

o 

o 

o 

0 

c 

V 

573 

25 

LP  DDDDDDDG 

H 

0 

o 

O 

o 

o 

0 

O 

c 

V 

574 

25 

LQDDDDDDDG 

l —     \-i    \j    iy    vj    L-/    i_/    \-/  \j 

p 

o 

o 

o 

o 

o 

o 

o 

c 

v 

583 

250 

u  u  u  1   1  c  c  &  r  c 

1 1    r  i    ri    i_    i_    \j    \j    \3    \j  \j 

H 

p 

L 

L 

v 

597 

25 

L  y     VJ     \J     \—f     l_J     \_J     l_/    Vj     V_-  ri 

p 

H 

Q 

7597 

25 

Vj     \-t     \J             VJ     1-/     \J     VJ     V_#     1 1 

p 

Q 

H 

Q 

640 

50 

HP  DDDDDDDG 

0 

O 

o 

o 

O 

O 

0 

c 

L 

V 

643 

50 

hp  nnnnhnnn 

\j 

n 

n 

\j 

n 

n 

p 

■ 

u 

\J 

en 
ou 

r*i  uiDnnnnnr* 
ul  n  r   \j  \j  \j  \j  \j  \j 
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u 

u 

r\ 
\J 

r\ 
\J 

VJ 

LI 

r% 
\j 

\j 

KJ 

I* 

L 

n 

u 

y      _ 

OHO 

cn 
DU 

u  L   n  r    u  u  u  u  u  u 

n 

u 

u 

r\ 
\J 

r\ 
\J 

\J 

\j 

r% 

\j 

n 
u 

Lf 

y       

D/U 

1  nn 
I  w 

LI  U  t_I   l_   r    I*   l>   u   l>  U 

1 

L 

1 

L 

L 

n 

r 

r\ 
U 

V 

688 

50 

LPLLLLLLLG 

L 

L 

L 

L 

L 

L 

L 

L 

C 

V 

4002 

50 

CP  LLLOGODD 

o 

v 

4015 

100 

P  COOODDGDO 

c 

c 

c 

L 

Q 

V 

4016 

0 

OOOODDGOOO 

o 

D 

p 

v 

4017 

55 

CCCCCCCGCC 

c 

c 

L 

p 

L 

V 

4020 

48 

CCCCCCCGCP 

L 

c 

c 

c 

c 

V 

4024 

48 

P  LCCCCGOCO 

C 

C 

O 

V 

4040 

48 

CCCCCCCGCP 

L 

C 

C 

C 

C 

V 

4046A 

50 

OCLOHOOGOO 

O 

0 

O 

P 

O 

V 

4049 

50 

VCPODODGDO 

D 

O 

0 

D 

O 

O 

4050 

50 

VCPODODGDO 

D 

O 

O 

D 

O 

O 

4051 

0 

OOOOOLGGLL 

P 

O 

O 

O 

O 

V 

4052 

0 

OOOOOLGGLP 

O 

O 

O 

O 

O 

V 

4053 

0 

OOOOOLGGL  L 

P 

O 

O 

0 

O 

V 

4059 

17 

PDHLLLLLLL 

H 

G 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

C 

V    -    -  - 

4060 
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P 

L 
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C 

V 
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Pin  Condition  Table  (Cont'd) 


Equiv-  Pi"  Number 

HC/  alent 
HCT  Load 

Types    (pF)    1  2  3  4  5  6  7  8  9  10  11    12   13   14  15   16   17   18   19  20  21    22  23  24  25  26  27  28 
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4067 
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4094 
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Q 

p 

c 

c 

c 

G 

c 

c 

c 

c 

c 

c 

4316 

0 

0 

0 

0 

p 

1 

0 

0 

0 

0 

D 

4351 

0 

O 

O 

0 

0 

O 

0 

L 

H 

G 

G 

H 

P 

L 

O 

4352 

0 

O 

O 

0 

0 

0 

O 

L 

H 

G 

G 

H 

P 

L 

O 

4353 

0 

0 

0 

0 

0 

0 

0 
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H 

G 

G 

H 

P 

L 

0 

**□  IU 

DO 

1 
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u 
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L. 
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u 
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p 
i» 
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p 

4DI 1 
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1 

L 

1 
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r 
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r\ 

\J 

r> 
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4514 

100 

H 

P 

L 

0 

0 

0 

O 

0 

c 

O 

C 

G 

O 

0 

4515 

100 

H 

P 

L 

0 

0 

0 

O 

O 

c 

0 

C 

G 

O 

0 

4516 

50 

L 

c 

D 

D 

L 

c 

c 

G 

L 

H 

c 

D 

D 

c 

4518 

50 

P 

H 

C 

C 

c 

c 

L 

G 

D 

D 

0 

O 

O 

0 

4520 

47 

P 

H 

C 

c 

c 

c 

L 

G 

D 

D 

0 

O 

O 

0 

4538 

100 

G 

Ft 

H 

p 

H 

c 

C 

G 

O 

O 

D 

D 

L 

0 

4543 

50 

H 

L 

L 

H 

L 

p 

L 

G 

C 

C 

C 

C 

C 

c 
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G 

G 
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P 

Q 

Q 
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Q 

G 

7046A 

50 

0 

C 

L 

0 

H 

0 

O 

G 

O 

O 

O 

O 

O 

P 
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D 
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200 

L 

C 

P 

Q 

Q 

Q 

Q 

G 

L 

C 

C 

c 

C 

c 

L 

0 

0 

0 

0 

0 

0 

0 

0 

V    -    -    -  _ 
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Technical  Overview 


RCA  Standardized  Maximum  Ratings  and  Recommended  Operating 
Conditions  for  CD54/74HC,  CD54/74HCT,  and  CD54/74HCU  Integrated 
Circuits 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  In,  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  l0K  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V,  <  Vcc  +  0.5  V): 

STANDARD  OUTPUT  ±25  mA 

BUS  DRIVER  OUTPUT  ±35  mA 

DC  Vcc  OR  GROUND  CURRENT.  (Ice): 

STANDARD  OUTPUT   ±50  mA 

BUS  DRIVER  OUTPUT  ±70  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  Ta  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°Cto  300  mW 

ForT.  =  -55to+100°C  (PACKAGE  TYPE  F,  H)    500  mW 

ForT,  =  +100  to  +125° C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

ForT.  =  -40  to  +60°C  (PACKAGE  TYPE  M)  300  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  5  mW/°C  to  175  mW 

OPERATING-TEMPERATURE  RANGE  (Ta) : 

PACKAGE  TYPE  F.  H   -55to+125°C 

PACKAGE  TYPE  E.  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T„a)  -65  to  +150°  C 

LEAD  TEMPERATURE  (DURING  SOLDERING)  ; 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta=FuII  Package  Temperature  Range)  VCc:" 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V„  V„ 

0 

Vcc 

v 

Operating  Temperature  T»: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times  t,.ti 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Static  Electrical  Characteristics  for  CD74HC/CD54HC  Types 


(Table  1-JEDEC  Standard  No.  7A) 


Temperature  °C 

Symb 

Parameter 

vec 

54HC/74HC 
25 

74HC 
-40  to  85 

54HC 
-55  to  125 

U 
n 
I 
t 

Test  Conditions 

V 

min 

max 

min 

max 

min 

max 

V|H 

High  Level 
Input  Voltage 

2.0 
4.5 
6.0 

1.5 

3.15 

4.2 

1.5 

3.15 

4.2 

1.5 

3.15 

42 

V 
V 
V 

% 

Low  Level 
Input  Voltage 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V 

v 

V| 

io 

STD 

BUS 

Unit 

vOH 

Note  1 

Output  Voltage 

2.0 
4  5 
6  0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

V|H 

-20.0 
-20.0 
-20  0 

-20.0 
-20.0 
-20.0 

eA 
MA 
«A 

4.5 

3.98 

3.84 

3.7 

V 

or 
V|L 

-  4.0 

-  6.0 

mA 

6.0 

5.48 

5.34 

5.2 

-  5.2 

-  7.8 

mA 

vol 

Low  Level 
Output  Voltage 

2.0 
4.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

20.0 
20.0 

20.0 
20.0 

MA 
MA 

6.0 

0.1 

0.1 

0.1 

V|H 

20.0 

20.0 

ma 

4.5 

0.26 

0.33 

0.4 

or 
V|L 

4.0 

6.0 

mA 

6.0 

0.26 

0.33 

0.4 

V 

5.2 

7.8 

mA 

h 

Note  2 

Input  Leakage 
Current 

6.0 

±0.1 

±1.0 

±1.0 

ha 

V,  =  VCC  or  GND 

ioz 
Note  3 

3-state  Output 

Off-State 

Current 

6.0 

±0.5 

±5.0 

±10.0 

ma 

V|  =  Vm  orV|L 
V0  =  VCC  or  GND 

ice 

Quiescent 
Supply  Current 

SSI 

6.0 

2.0 

20.0 

40.0 

ha 

VI  =  VCC  orGND 

FF 

6.0 

4.0 

40.0 

80.0 

ma 

lo  =  0 

MSI 

6.0 

8.0 

80.0 

160. 

ma 

Notes: 

1 .  Not  applicable  to  open  drain  outputs. 

2.  For  digital  I/O  pins  use  loz  limits 

3.  Also  applicable  to  open  drain  outputs. 


(Table  2-JEDEC  Standard  No.  7A) 


Temperature  °C 

Symb 

Parameter 

vcc 

54HCT/74HCT 
25 

74HCT 
-40  to  85 

54HCT 
-55  to  125 

u 

n 
t 

Test  Conditions 

V 

min 

max 

min 

max 

min 

max 

V|H 

High  Level 
Input  Voltage 

45 

to 

5.5 

2.0 

20 

2.0 

V 

V|L 

Low  Level 
Input  Voltage 

4.5 
to 
5.5 

0.8 

0.8 

0.8 

V 

STD 

BUS 
DRIVER 

Unit 

VOH 
Note  1 

High  Level 
Output  Voltage 

4.5 
4.5 

4.4 

3.98 

4.4 

3.84 

44 

3.7 

V 

Vim 

or 
V|L 

-20.0 
-4.0 

-20.0 
-6.0 

HA 
mA 

vol 

Low  Level 
Output  Voltage 

4.5 

0.1 

0.1 

0.1 

V 

V|H 
or 

VlL 

20.0 

20.0 

MA 

4.5 

0.26 

0.33 

0.4 

V 

40 

6.0 

mA 

i| 

Note  2 

Input  Leakage 
Current 

5.5 

±0.1 

±1.0 

±1.0 

MA 

V|=VCC  or  GND 

'oz 

Note  3 

3-state  Output 

Off-State 

Current 

5.5 

±0.5 

±5.0 

±  10.0 

V|  =  V|Hor  V|L 
vO  =  vCC°'GND 

■cc 

Quiescent 
Supply  Current 

SSI 

5.5 

2.0 

20.0 

40.0 

fA 

V|  =  VCC  or  GND 

FF 

5.5 

4.0 

40.0 

80.0 

|iA 

to=o 

MSI 

5.5 

8.0 

80.0 

160. 

l"A 

Alec 

Additional  Worst 
Case  Supply 

55 

2.7 

2.9 

3.0 

mA 

Per 

input-pin: 
V|  =  2.4V 

Other 
inputs: 

at  Vcc  or  GND 

Current  Note  4 

io=o 

Notes: 

1.  Not  applicable  to  open  drain  outputs. 

2.  For  digital  I/O  pins  use  l0z  limits 

3.  Also  applicable  to  open  drain  outputs. 

4.  Total  supply  current  =  lcc  +  IAICC. 


  Technical  Overview 

Dynamic  Electrical  Characteristics 

Definitions 


Characteristic 

Symbol 

Limits 

Notes 

Max. 

Mln. 

Propagation  Delay: 
Outputs  going  high  to  low 

Oiitmite  nninn  low  to  hinh 
vuipuiB  yun  ly  ikjvv  tu  iiiyn 

tpHL 

X 
y 

A 

uuipui    1  IdllOlUUII    1  KMC. 

Outputs  going  high  to  low 
Outputs  going  low  to  high 

tTHL 
tTUH 

X 
X 

Pulse  Width-Set,  Reset,  Preset 
Enable,  Disable,  Strobe,  Clock 

twi.  or  twH 

X 

1 

Clock  Input  Frequency 

fa. 

v 

A 

1,2 

oiock  input  nise  ana  ran  i  ime 

trCL,  tfCL 

X 

Set-Up  Time 

tsu 

X 

1 

Hold  Time 

tH 

X 

1 

Removal  Time  -  Set,  Reset,  Preset-Enable 

tREM 

X 

1 

Three  State  Disable  Delay  Times: 
High  level  to  high  impedance 
High  impedance  to  low  level 
Low  level  to  high  impedance 
High  impedance  to  high  level 

tpHZ 
tpZL 
tpLZ 
tpZH 

X 
X 
X 
X 

NOTE:    (1)    By  placing  a  defining  min.  or  max.  in  front  of  definition,  the  limits  can  change  from  min. 
to  max.,  or  vice  versa. 

(2)    Clock  input  waveform  should  have  a  50%  duty  cycle  and  be  such  as  to  cause  the  outputs 
to  be  switching  from  10%  Vcc  to  90%  Vcc  in  accordance  with  the  device  truth  table. 


OPERATING  AND  HANDLING  CONSIDERATIONS 


1.  Handling 

All  inputs  and  outputs  of  RCA  CMOS  devices  have  a 
network  for  electrostatic  protection  during  handling. 
Recommended  handling  practices  for  CMOS  devices 
are  described  in  ICAN-6525.  "Guide  to  Better  Handling 
and  Operation  of  CMOS  Integrated  Circuits." 

2.  Operating 

Operating  Voltage 

During  operation  near  the  maximum  supply  voltage 
limit,  care  should  be  taken  to  avoid  or  suppress  power 
supply  turn-on  and  turn-off  transients,  power  supply 
ripple,  or  ground  noise;  any  of  these  conditions  must 
not  cause  Vcc  —  Gnd  to  exceed  the  absolute  maximum 
rating. 


Input  Signals 

To  prevent  damage  to  the  input  protection  circuit,  input 
signals  should  never  be  greater  than  Vcc  nor  less  than 
Gnd.  Input  currents  must  not  exceed  20  mA  even  when 
the  power  supply  is  off. 

Unused  Inputs 

A  connection  must  be  provided  at  every  input  terminal. 
All  unused  input  terminals  must  be  connected  to  either 
Vcc  or  Gnd,  whichever  is  appropriate. 

Output  Short  Circuits 

Shorting  of  outputs  to  Vcc  or  Gnd  may  damage  CMOS 
devices  by  exceeding  the  maximum  device  dissipation. 
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Switching  Waveforms  for  CD54/74HC  and  CD54/74HCU  Integrated  Circuits 


CLOCK  PULSE  RISE  AND  FALL  TIMES 


_1(CL 


SE 


'WL^'WH'-fpp 

jVcC 

90% 
50% 

J2»—  GND 


-'WH- 


92CS-35I26RI 


Outputs  should  be  switching  from  10%  Vcc  '° 
90%  Vqc     accordance  with  device  truth  table. 

For  lmax,  input  duty  cycle=50"h. 

Clock-pulse  rise  and  fall  times  and  pulse  width. 


INVERTING 
OUTPUT 


92CS-35I27RI 


Transition  times  and  propagation  delay  times, 
combination  logic. 


•ot    jr~  5o%^f- 

iBLE    J"50%  \ 


OUTPUT 
DISABLE 


OUTPUT:LOW 
TO  OFF 


'PHZ 


output:high 

TO  OFF 


outputs 


io  % 

90% 


■  GND 


OUTPUTS 
DISABLED 


OUTPUTS 
ENABLED " 


92CS-35I29R2 


OTHER 
INPUTS 
TIED  HIGH 
OR  LOW 

OUTPUT 
DISABLE 


IC  WITH 
3 -STATE 
OUTPUT 


OUTPUT  RL  =  lkn  rvcc  F0R  'PLZ   AND  'PZL 
~    GND  FOR  tpHZ  AND  I  pZH 


— j  O  ] 

-±-  50PF 


92CS-35I29RI 


Three-state  propagation  delay  wave  shapes  and  test 
circuit. 


54/74  HC/HCT/HCU 


CL 


92CS-  3SI24RI 


'    n  r~  ~i  r*~  •  /— vcc 

CLOCK     jf  \  lT  T\  

_INPUT_J  V  -i  A-  


DATA 
INPUT 


'lu(H)  *-» 


SET, RESET 
OR  PRESET 

vcc" 


-'h(L) 


■  90  % 

-  50  % 

-  10  % 
"GND 


-'so(L)* 


vcc 

50  % 
GND 


-90% 

-  50% 

-  10  % 


V 


(H)  OR  (  L)  OPTIONAL 
92CS-35I28RI 


Setup  times,  hold  times,  removal  time,  and 
propagation  delay  times  for  edge  triggered 
sequential  logic  circuits. 
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Switching  Waveforms  for  CD54/74HCT  Integrated  Circuits 


>,cl— |  h-  ~-j  p— «fCL  'wl*'wh=(El 

"  'WL — "T"  <WH  " 


92CS- 35132  K\ 


Outputs  should  be  switching  from  10%  Vqc  to  90%  Vqc 
accordance  with  device  truth  table.  For  fmax,  input  duty  cycle=50°k. 

Clock-pulse  rise  and  tall  times  and  pulse  width. 


tr*  6ns— 


INVERTING 
OUTPUT 


92CS-33I3IHI 


Transition  times  and  propagation  delay  times,  combi- 
nation logic. 


I,  CL_»j  _«j    u.  t,CL  J  3V 

clock  t- —  \  VTTr'zV  l3V 

INPUT      I  .3.  j  \-  0  3  V 

*   G NO 


DATA 
INPUT 


'  s«  (H)  *-» 


 V  -JE 


SET. RESET 
OR  PRESET 
3V  - 


'h(H)- 


3V 

I-3V 


— «H  tsu(D* 
»     k-'TLH   M     *     '  THL 

zf=--±Z.  —  —  r  io% 


(H)  OR  (L)OPTIONAL 

Setup  times,  hold  times,  removal  time,  and  propagation 
delay  times  for  edge  triggered  sequential  logic  circuits. 


92CS-  35I33R2 


54/74  HC/HCT/HCU 


CL 

50  pF 


92CS-  3SI24R1 


tr— — |  |— —  6nt  tf— H  H — 6ns 

OUTPUT        /  \-  —  2.7 

DISABLE       f  ^"-0~3_' 


OUTPUT:  LOW 
TO  OFF 


U— iPZL 


OUTPUT:  HIGH 
TO  OFF 


"1 


—  'PZH- 


=6 


OUTPUTS 
"  ENABLED 


92CS-35I30R2 


Three-state  propagation  delay  wave  shapes  and  test 

circuit. 


OUTPUT 
DISABLE 


VCC  FOR  lPLZ  AND  lp2L 
GND  FOR  tpHZ  AND  lpZH 


Note: 

Open  drain  waveforms  tPLz  and  W  are  the  same  as  those  for 
three-state  shown  on  the  left.  The  test  circuit  is  Output  RL  = 
1kn  to  Vcc,  CL  =  50pF. 
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Enhanced  Product 

The  need  to  achieve  the  enhanced  reliability  resulting  from 
burn-in  screening  must  be  determined  by  careful  analysis  of 
system  design  and  application. 

How  many  IC's  are  incorporated  into  the  total  system? 

How  many  devices  on  each  board? 

Is  the  proper  device  being  used  for  the  application? 

What  are  the  reliability  goals? 

What  failure  rates  are  being  experienced  without  screening? 

Cost-effectiveness  of  using  enhanced  CMOS  can  be  deter- 
mined by  mutual  analysis  of  the  economic  trade-offs  made 
possible  by  the  following  features  of  the  program: 

•  Available  in  both  plastic  and  frit-seal  ceramic  packages. 

•  Offered  on  the  industry's  broadest  line  of  circuit  functions. 

•  0.025%  AQL  cumulative. 

•  Reduction  in  PC  board  reworking  through  fewer  line 
rejects. 

•  Lower  warranty  requirements  through  the  elimination  of 
infant  mortality  failures. 

•  Reduced  incoming  inspection  cost  by  reduction  or  com- 
plete elimination  of  test  procedures. 

•  Reduction  of  system  failures  and  related  service  expen- 
ses and  customer  complaints. 


Screening 

Digital  IC's  (CD  Types) 


Suffix  X 

Standard  Product 
All  Packages 


100%  Bum-In 
160  Hours 

@125°Cor 
Equivalent 


100%  Functional 
and  Parametric 
Tests* 


Sample  DC  Test  25°  C 
AOL  0.025% 
Parametric  and 
Functional* 


"X"  Product 


•For  the  High-Speed  CD54/74HC/HCT/HCU  products.  AC  parameters  are 
tested  by  selecting  certain  critical  propagation  delays  (which  vary  from  part 
to  part)  as  indicators  ol  proper  AC  performance  and  sample  tested  to  an 
AQL  of  0.025%. 


RCA  MIL-STD-883  Slash-Series  HC/HCT  ICs 


RCA  high-reliability  slash-series  products  are  available  in 
both  CD54HCXXXX-series  and  CD54HCTXXXX-series 
types.  These  devices  are  supplied  in  hermetic  dual-in-line 
frit  packages.  The  CD54HC/HCT  (Slash  series)  types  are 
provided  to  screening  level  /3  that  corresponds  to  MIL- 
STD-883,  Method  5004,  Class  B  requirements.  This  /3  is  a 
non-compliant  part  using  glass  die  attach.  Product  is  also 
available  as  a  level  /3A  which  is  a  fully  compliant  part  using 
gold  eutectic  die  attach. 


Detailed  information  pertaining  to  the  screening  performed 
can  be  found  in  the  RCA  "High-Reliability  Integrated 
Circuits"  DATABOOK,  SSD-230B. 

Contact  your  RCA  representative  for  specific  timing  and 
availability. 


Guide  to  the  Reliability  Class  and  Package  of 
RCA  High-Reliability  54HC/HCT  Integrated  Circuits 


CD54HCT00F/3A 


T 


SEE  TEXT  ABOVE 


RCA  DEVICE 

PART  NUMBER 

HC 

CMOS  COMPATIBLE 

HCU 

=  CMOS  COMPATIBLE 

UNBUFFERED 

HCT 

=  TTL  COMPATIBLE 

PACKAGE 
DESIGNATOR 


F  =  DUAL-IN-LINE 

CERAMIC  (CERDIP) 

J  =  LEADLESS-CHIP 
CARRIER  CERAMIC 
(FUTURE) 


SCREENING 
LEVEL 

3A  =  CLASS  B 
3    =  CLASS B 
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High-Speed  CMOS  Macrocells 


High-Speed  CMOS  (HC/HCT) 
Macro  Cells  for  RCA  Silicon 
Circuit  Board  ASIC  Design  Program 

RCA  offers  a  unified  Computer-Aided  Engineering  (CAE) 
system  that  supports  the  high-speed  CMOS  (HC/HCT 
QMOS)  library  of  standard  logic  functions  defined  as  Macro 
Cells.  The  system  provides  not  only  automatic  placement 
and  routing  but  also  the  interactive  editing  of  a  mixture  of 
CMOS  standard  cells  and  rectangular  Macro  Cells  of  differ- 
ent sizes. 

The  HC/HCT  Macro  Cells  are  equivalent  in  performance  to 
the  high-speed  CMOS  HC/HCT  series  of  standard  devices 
as  specified  in  this  DATABOOK;  only  the  bond  pads  have 
been  removed  and  large  drivers  down-sized.  The  Macro 
Cells  are  fully  characterized  and  behaviorally  described  over 
the  operating  voltage  and  temperature  ranges.  These  capa- 
bilities provide  the  system  designer  a  fast,  predictable,  inte- 
gration path  from  a  PC  board  designed  with  high-speed 
CMOS  or  LSTTL,  SSI/MSI  discrete  devices  to  a  single 
Application-Specific  Integrated  Circuit  (ASIC)  that  meets  all 
criteria  for  PC  board  design. 

The  Silicon  Circuit  Board  approach  to  ASIC  design  is  dis- 
tinctive because  it  allows  the  system  engineer  to  develop  a 
circuit  using  large,  predesigned,  fully  characterized  Macros. 
The  characterization  data  for  these  Macros  provide  the 
engineer  with  the  performance  information  needed  to  eval- 
uate the  feasibility  of  differing  design  approaches  quickly 
and  efficiently.  The  Macros  have  been  developed  to  provide 
the  optimum  performance  available  within  a  given  technol- 
ogy and  are  guaranteed  to  meet  these  performance  specifi- 
cations over  the  stated  voltage  and  temperature  ranges.  All 
HC/HCT  logic  functions  specified  in  RCA's  QMOS  family 
are  included  in  the  Silicon  Circuit  Board  family  of  logic 
Macro  Cells. 

Features  of  the  RCA  Silicon  Circuit  Board 
and  Related  User  Benefits. 

Fes tu res: 

•  Works  with  137  high-speed  CMOS  (QMOS-HC/HCT) 
standard  logic  Macro  Cells 

•  Also  works  with  RCA's  new  ACL  standard  part  Macro 
Cells 

•  Intermixes  Macros  and  standard  logic  function  elements 
providing  high-density  designs 

•  Uses  double-level  metal  technology  with  a  polysilicon 
level  option 

•  Uses  fully  characterized  Macro  Cells  behaviorally  de- 
scribed over  the  operating  voltage  and  temperature  ranges 

•  Provides  simulation  based  on  performance  of  character- 
ized parts 

•  Provides  fully  automatic  placement  and  routing  plus  inter- 
active editing 

•  Provides  automatic  generation  of  test  patterns  for  use  in 
manufacture 

•  Integrates  with  RCA  Semicustom  FASTRACK  system  for 
Standard  Cells  and  Gate  Arrays 


Benefits: 

•  Provides  high  probability  of  first-time  success 

•  Reduces  design  development  time 

•  Converts  existing  HCMOS/TTL  boards  to  CMOS  ASICs 

•  Reduces  simulation  costs 

•  Reduces  parts  costs 

•  Logic  speed  increase  to  x3  or  more  with  high-speed  pro- 
cess and  ACL  Macro  Cells 

How  to  Benefit  from  the  RCA 
Modular  Approach  to  CMOS 
ASIC  Design  and  Fabrication 

The  RCA  Silicon  Circuit  Board  addresses  the  most  difficult 
areas  in  the  development  of  ASICs.  These  areas  are  per- 
formance, development  time,  and  costs.  If  the  following 
questions  are  part  of  your  work  assignment  in  the  design  of 
Application-Specific  Integrated  Circuits,  the  answers  given 
here  will  be  of  significant  interest  to  you. 

1.  Will  the  RCA  ASIC  approach  work  in  my  design? 

The  advantages  of  the  RCA  Silicon  Circuit  Board  approach 
in  a  specific  application  can  best  be  determined  by  a  no- 
cost  consultation  with  our  technical  staff.  We  can  help  you 
make  a  reasoned  decision  whether  the  RCA  modular  ap- 
proach will  work  in  your  design.  And,  if  that  is  the  route 
selected,  we  will  help  you  save  engineering  development 
time  and  money  by  working  with  you  on  the  entire  program 
through  to  final  manufacturing  and  performance  tests. 

2.  How  long  will  the  design  take? 

The  overall  development  time  will  be  equal  to  or  less  than 
the  time  normally  required  for  the  development  of  SSI/MSI 
designs.  The  RCA  Silicon  Circuit  Board  achieves  a  short- 
ened development  time  because  it  incorporates  into  a 
design  a  large  number  of  cells  containing  from  a  handful  to 
thousands  of  gates.  Not  only  is  the  actual  design  time 
reduced,  but  simulation  times  also  are  substantially  dimin- 
ished by  the  utilization  of  behavioral  modeling  of  these 
larger  functional  levels. 

3.  Will  it  work  the  first  time? 

The  Silicon  Circuit  Board  uses  tried  and  tested  high-speed 
CMOS  cells  that  are  fully  characterized  and  behaviorally  de- 
scribed. These  cells  have  been  developed  to  provide  the  opti- 
mum performance  available  within  a  given  technology  and 
are  guaranteed  to  meet  those  performance  specifications 
over  the  stated  voltage  and  temperature  ranges.  Further- 
more, RCA  will  provide  any  specialized  support  necessary 
to  assure  first-time  success. 

4.  How  much  will  it  cost? 

This  program,  involving  newly  available  CAE  software  and  a 
modular  approach,  can  provide  considerable  cost  savings 
(as  much  as  60%)  in  combined  development  and  die  costs. 
By  providing  a  substantially  more  efficient  methodology  for 
ASIC  design,  RCA's  Silicon  Circuit  Board  greatly  reduces 
engineering  development  costs.  Additionally,  the  optimized 
layout  of  the  Macro  Cells  provides  for  a  significant  reduc- 
tion in  the  cost  of  manufacturing  the  ASIC  chip. 
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How  Do  I  Interface  with  RCA  in 
Designing  a  Silicon  Circuit  Board? 

The  interface  between  the  RCA  Silicon  Circuit  Board  Pro- 
gram and  the  customer's  system  engineer  is  very  flexible 
and  can  be  tailored  to  fit  the  specific  needs,  capabilities, 
and  resources  of  the  customer.  Regardless  of  where  the 
customer  enters  the  system— and  it  can  be  anywhere  in  the 
flow  of  the  program,  as  shown  in  the  chart  of  Fig.  1— RCA 
will  provide  the  support  necessary  to  assure  first-time  suc- 
cess in  the  ASIC  design.  Following  are  examples  of  different 
interface  choices. 

One  choice  is  to  supply  RCA  with  an  SSI/MSI-level  sche- 
matic, a  description  of  how  your  circuit  works,  and  timing 
information  so  that  we  can  verify  its  operation  in  silicon  and 
generate  test  programs.  RCA  will  handle  simulation,  place- 
ment, routing,  mask  tooling,  and  prototype  production. 

Another  choice  is  for  your  systems  engineer  to  capture  the 
schematic  on  a  supported  popular  workstation  using  a 
generic  SSI/MSI  library.  Supply  RCA  with  a  copy  of  the 
schematic,  extracted  net  list,  circuit  description,  and  pattern 
files  on  magnetic  tape  or  a  floppy  disk.  RCA  will  then  han- 
dle the  rest. 

A  third  choice  is  for  your  system  engineer  to  do  all  the 
initial  design  work  on  RCA  equipment  at  an  RCA  Design 
Center  utilizing  the  assistance  and  guidance  of  an  RCA 
applications  engineer  skilled  in  ASIC  development.  Again, 
RCA  will  handle  the  rest. 

A  fourth  choice  is  for  RCA  to  supply  you  with  the  RCA 
ASIC  Design  System  software  tools  that  will  enable  you  to 
take  your  design  through  the  layout  step. 

For  more  information  on  interfacing  the  RCA  Silicon  Circuit 
Board  and  on  the  additional  benefits  this  advanced  design 
technology  can  provide  you,  contact  RCA  ASIC  Product 
Marketing  at  (201)  685-6585  or  (201)  685-7119. 


ENGINEERING 
WORKSTATION 
(Mentor  Graphics,  Daisy 
Valid  Logic.  IBM  PC) 


SCHEMATIC  CAPTURE 


NET  LIST 


AUTOMATIC  PLACEMENT 
AUTOMATIC  ROUTING 


RCA 
LIBRARY 
QMOS 


I  EC  AD  CONCERT) 


92CS-40593 


Fig.  1  —  Flow  Chart  of  RCA  Silicon 
Circuit  Board  Design  Process 
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CD54/74HC00 
CD54/74HCT00 


File  Number  1464 


High-Speed  CMOS  Logic 


92CS-3«S2»RI 


FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


Quad  2-lnput  NAND  Gate 


Type  Features: 

■  Buffered  inputs 

■  Typical  propagation  delay  =  7  ns  @  Vcc  =  5V 

CL  =  75  pF,  TA  =  25°  C 


The  RCA-CD54/74HC00  and  CD54/74HCT00  logic  gates 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits.  All  devices 
have  the  ability  todrive  10  LSTTL  loads.  The  54HCT/74HCT 
logic  family  is  functionally  as  well  as  pin  compatible  with 
the  standard  54LS/74LS  logic  family. 

The  CD54HC00  and  CD54HCT00  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC00  and  CD74HCT00  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


92CS-36S29RI 

LOGIC  DIAGRAM 


Family  Features: 

■  Fanout  {Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT/:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:  W,L=30%.  N,H=30%  of  Vcc 
@  Vcc=5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL=0.8  V  Max.,  Vm=2VMin. 
CMOS  Input  Compatibility 
I,  <  1  »A  @  Vol,  Voh 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

nA 

nB 

nY 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 

L 
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Technical  Data 


CD54/74HC00 
CD54/74HCT00 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   -0  5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  l0«  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  T.  =  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/'C  to  300  mW 

For  Ta  =  -55  to  ♦100-C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +  125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/"C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  F,  H    -55  to  +125°  C 

PACKAGE  TYPE  E.  M    -40  to +85°  C 

STORAGE  TEMPERATURE  (T„„)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  +  0  79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  T»=Full  Package  Temperature  Range)  Vcc:" 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vin,  Vout 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

■c 

CD54  Types 

-55 

+125 

°C 

Input  Rise  and  Fall  Times  t„t( 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data 


CD54/74HC00 
CD54/74HCT00 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC0O/CDS4HCO0 

CD74HCT0O/CD54HCTO0 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 

mA 

Vcc 
V 

♦25°  C 

-40/ 
+85"  C 

-55/ 
■H25°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦  125°C 

Min 

Typ 

Max 

Min 

Man 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  V,„ 

2 

1.5 

- 

15 

- 

1  5 

- 

45 
to 

5  5 

2 

2 

2 

45 

3.15 

- 

- 

3.15 

- 

3  15 

- 

6 

4  2 

- 

42 

42 

- 

Low-Level 

Input  Voltage  VIL 

2 

- 

0.5 

05 

0.5 

- 

4  5 
to 
5.5 

0.8 

08 



08 

V 

4.5 

1.35 

1  35 

1.35 

6 

- 

18 

1.8 

1.8 

High-Level 
Output  Voltage  Vw 
CMOS  Loads 

v» 

or 

V„ 

-0  02 

2 

1.9 

1.9 

19 

V,. 
or 
V„ 

45 

4  4 

4.4 

44 

V 

45 

4  4 

4  4 

4.4 

6 

59 

- 

- 

59 

- 

5.9 

- 

TTL  Loads 

v,t 
or 

V,„ 

v» 

or 

v,„ 

4.5 

3  98 

3  84 

37 

V 

-4 

4  5 

398 

3.84 

3.7 

-52 

6 

5  48 

5.34 

5.2 

Low-Level 

Output  Voltage  V„L 
CMOS  Loads 

vlL 

or 

V,„ 

0.02 

0.1 

0.1 

0.1 

vtl 

or 

v,„ 

4  5 

0  1 

0.1 

0  1 

V 

4  5 

0.1 

0.1 

0.1 

6 

0.1 

0  1 

0.1 

TTL  Loads 

V,i 
or 
V,„ 

v„ 

or 

v„ 

4  5 

0  26 

0  33 

04 

V 

4 

4.5 

0  26 

0.33 

0.4 

52 

6 

026 

033 

04 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

55 

•0.1 

♦  1 

11 

//A 

Quiescent 
Device 

Current  lcc 

Vcc 

or 
Gnd 

0 

6 

2 

20 

40 

Vcc 
or 
Gnd 

5.5 

2 

20 

40 

fA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load       A  lcc- 

Vcc-2  1 

4  5 

to 

5.5 

100 

360 

450 

490 

fA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  V«  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

nA 
nB 

1.8 
1.1 

•Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart, 
e.g..  360  pA  max.  @  25°C. 
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Technical  Data 


CD54/74HC00 
CD54/74HCT00 

SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T«  =  25°  C,  Input  t„  I,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

Typical 

Units 

HC 

HCT 

Propagation  Delay.  Data  Input  to  Output  Y  (Fig.  1) 
(CL=15pf) 

7 

8 

ns 

Power  Dissipation  Capacitance* 

25 

25 

PF 

"Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  gate 
PD  =  Vcc2  'i  (Cpd  +  CJwhere  f,=input  frequency 

CL  =  output  load  capacitance 
Vcc  =  supply  voltage. 


SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  tr,  t=6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°CtO+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tPLH 

2 

90 

115 

135 

Input  to  Output 

tPHL 

4.5 

18 

20 

23 

25 

27 

30 

ns 

(Figure  1) 

6 

15 

20 

23 

Transition  Times 

tTLH 

2 

75 

95 

110 

(Figure  1) 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 



Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

pF 

92CS-  36755RI 


54/74HC 

54/74HCT 

INPUT  LEVEL 

Vcc 

3V 

vs 

50%  Vcc 

1.3V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 


High-Speed  CMOS  Logic 


Quad  2-lnput  NOR  Gate 

Type  Features: 

■  Buffered  Inputs 

■  Typical  Propagation  Delay  =  7ns 
@  Vcc  =  5v,  CL=  15pF,  TA  =  25°  C 


FUNCTIONAL  DIAGRAM  and 
TERMINAL  ASSIGNMENT 


The  RCA-CD54/74HC02  and  CD54/74HCT02  logic  gates 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits.  All  devices 
have  the  ability  to  drive  10  LSTTL  loads.  The  CD54/74HCT 
logic  family  is  functionally  as  well  as  pin  compatible  with 
the  standard  54LS/74LS  logic  family. 

The  CD54HC02  and  CD54HCT02  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC02  and  CD74HCT02  are  supplied  in  14-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  [Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°C 

■  Balanced  Propagation  Delay  and  Transition 
Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICS 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 

High  Noise  Immunity:  Nil  =  30%,  N,H  =  30% 
Of  Vcc,  @  Vcc  =  5  V 

■  CD54HCTICD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V|L  =  0.8  V  Max.,  V,H  =  2  V  Min. 
CMOS  Input  Compatibility 

/,  <  1  >jA  @  Vol,  Voh 


LOGIC  DIAGRAM 


TRUTH  TABLE 

nA 

nB 

nY 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

L 
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Technical  Data 


CD54/74HC02 
CD54/74HCT02 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)    -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  I,K  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT.  Iok  (FOR  V„< -0.5  V  OR  V„>  Vcc +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  T«  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  T«= +60  to +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T«  -  +100  to  +  125°C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T,  =  +70  to  +125°  C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°  C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  F.  H   -55  to  +125°C 

PACKAGE  TYPE  E.  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (Tslg)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING). 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„  t, 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


Technical  Data 


CD54/74HC02 
CD54/74HCT02 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC02/CD54HC02 

CD74HCT02/CD54HCT02 

TEST 
CONDITIONS 

74HC/54HC 
SERIES 

74HC 
SERIES 

54HC 
SERIES 

TEST 
CONDITIONS 

74HCT/54HCT 
SERIES 

74HCT 
SERIES 

54HCT 
SERIES 

r~  i_i  ADAr>TCDicTir 
LHAHAL  1  fcHIb  I  IKi 

V, 
V 

lo 

mA 

Vcc 
V 

+25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

Vi 
V 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
♦125°C 

Mln 

Typ 

Max 

Mln 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

2 

15 

- 

_ 

1.5 

- 

1.5 

- 

4.5 

Input  Voltage  V,K 

4.5 

3,15 

- 

_ 

3.15 

- 

3.15 

- 

_ 

to 

2 

- 

_ 

2 

- 

2 

- 

V 

4.2 

- 

4.2 

- 

4.2 

- 

5.5 

Low-Level 

2 

- 

- 

05 

- 

0.5 

- 

0.5 

4.5 

Input  Voltage  VIL 

4.5 

1.35 

1.35 

1.35 

_ 

to 

0.8 

0.8 

08 

V 

s 

- 

1.8 

1.8 

1.8 

5.5 

High-Level 

v» 

2 

1.9 

1.9 

1.9 

v» 

Output  Voltage  Vo„ 

or 

-0.02 

4,4 

- 

4.4 

- 

4.4 

- 

or 

4.5 

4.4 

- 

— 

4.4 

- 

4.4 

- 

V 

CMOS  Loads 

v„ 

5.9 

- 

- 

5.9 

- 

5.9 

- 

lb 

Vn 

TTL  Loads 

or 

-4 

4,5 

3,98 

384 

3.7 

or 

45 

3.98 

3.84 

3  7 

V 

v„ 

-5.2 

5.48 

5.34 

5.2 

v,„ 

Low-Level 

v,t 

2 

0.1 

0.1 

0.1 

vlu 

Output  Voltage  VOL 

or 

0.02 

4.5 

0.1 

0.1 

0.1 

or 

4.5 

0.1 

0.1 

0.1 

V 

CMOS  Loads 

v,„ 

6 

0.1 

0.1 

0.1 

v,„ 

v,L 

V,L 

TTL  Loads 

or 

4 

4.5 

0.26 

033 

04 

or 

4.5 

026 

0.33 

04 

V 

V„ 

5.2 

6 

0.26 

033 

0.4 

V,„ 

input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

±0.1 

±1 

±1 

i/A 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

2 

20 

40 

or 

5.5 

2 

20 

40 

//A 

Current  lcc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  &lcc- 

Vcc-2  1 

4.5 
to 
5.5 

100 

360 

450 

490 

CA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

1.5 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  fjA  max.  @  25° C. 
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Technical  Data 


CD54/74HC02 
CD54/74HCT02 


SWITCHING  CHARACTERISTICS  (Vcc  -  5  V,  Ta  -  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

Cl 
(PF) 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1) 

15 

tpLH 
tpHL 

7 

8 

ns 

Power  Dissipation  Capacitance* 

Cpd 

26 

26 

PF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 

on  -„         ,<-      +  r~  v 


f,  =  input  frequency 

CL  =  output  load  capacitance 

Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t.  =  6  ns) 


25°  C 

-40°  C  to +85°  C 

-55°CtO+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 
Input  to  Output 
(Fig.  1) 

tpLH 
tpHL 

2 

4.5 
6 

90 
18 
15 

21 

115 

23 
20 

26 

135 
27 
23 

32 

ns 

Transition  Times 
(Fig.  1) 

t-rLH 

tTHL 

2 

4.5 
6 

75 
15 
13 

15 

95 
19 
16 

19 

110 
22 
19 

22 

ns 

Input 

Capacitance 

Ci 

10 

10 

10 

10 

10 

10 

PF 

\T  =6ns  - 
INPUT 


—  tf  =6ns 

I---—: 

90% 
VS 
10% 


'thl  ■ 


INPUT 
LEVEL 


=  90% 

-VS 

-10% 


'TLH 
92CS-3799IRI 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 
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Technical  Data 


CD54/74HC03 
CD54/74HCT03 


File  Number  1832 


High-Speed  CMOS  Logic 


GNO  •? 

92CS-36528R2 


Quad  2-lnput  NAND  Gate 
With  Open  Drain 

Type  Features: 

■  Buffered  inputs 

■  Typical  propagation  delay  =  8  ns  @  Vcc  =  5  V,  CL  =  15  pF,  Ta  =  25°  C 

■  Output  pull-up  to  10  V 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC03  and  CD54/74HCT03  logic  gates 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power 
consumption  of  standard  CMOS  integrated  circuits.  All 
devices  have  the  ability  to  drive  10  LSTTL  loads.  The 
54HCT/74HCT  logic  family  is  functionally  as  well  as  pin 
compatible  with  the  standard  54LS/74LS  logic  family. 

These  open-drain  NAND  gates  can  drive  into  resistive  loads 
to  output  voltages  as  high  as  10  V.  Minimum  values  of  RL 
required  vs.  load  voltage  are  shown  in  Fig.  2. 

The  CD54HC03  and  CD54HCT03  are  supplied  in  14-lead 
dual-in-line  frit-seal  ceramic  packages  (F  suffix).  The 
CD74HC03  and  CD74HCT03  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  packages  (M  suffix).  Both  types  are  also 
available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 

Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 

CD74HC/HCT:    -40  to  +85°  C 

■  Balanced  propagation  delay  and  transition  times 

■  Significant  power  reduction  compared  to  LSTTL 

logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  noise  immunity:   Nil  =  30%,  Nm  =  30% 
of  Vcc,  @  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  input  logic  compatibility 

WV  =  0.8  V  max.,  Vm  =  2V  Min. 
CMOS  input  compatibly 

!,<1(jA@  Vol,  Voh 


TRUTH  TABLE 


LOGIC  DIAGRAM 


A 

B 

Y 

L 

L 

Z# 

H  * 

H 

L 

z# 

H  * 

L 

H 

z# 

H  * 

H 

H 

L 

*  Requires  pull-up  (RL  to  VL) 

#  Without  pull-up  (high  impedance) 
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Technical  Data 


CD54/74HC03 
CD54/74HCT03 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  Ik  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +  0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  lOK  (FOR  V0  <  -0.5  V)  -20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo)  -25  mA 

DC  Vcc  OR  GROUND  CURRENT  (!«)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  T»  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  TA  =  +50  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -55  to  +1 00°  C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°  C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70°  C  (PACKAGE  TYPE  M)  400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Lineary  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H   -55  to  +125°  C 

PACKAGE  TYPE  E,  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.„)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within  the 
following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA  =  Full  Package-Temperature  Range)  Vcc:  * 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  Voltage  V, 

0 

Vcc 

V 

DC  Load  Voltage  VL 

0 

10# 

V 

Operating  Temperature  TA: 

CD74  Types 
CD54  Types 

-55 

+85 
+125 

•c 
•c 

Input  Rise  and  Fall  Times,  t„  tt 
at  2  V 
at  4.5  V 
at6V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

*  Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

#  With  pull-up  resistor  whose  value  limits  output  current  to  25  mA. 


1A  — 

—  vcc 

J2  4B 

M  « 

2A-1 

1!  <Y 

2  30 

2Y-8 

-»  OA 

GND — — 

r-2  3y 

9LCS-3S3 

TERMINAL  ASSIGNMENT 


Technical  Data 


CD54/74HC03 
CD54/74HCT03 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CO74HC03/CDS4HC03 

CD74HCT03/CD54HCT03 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

la 
mA 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦  125°C 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

High-Level 

Input  Voltage  Vim 

2 

1.5 

1.5 

1.5 

- 

4.5 
to 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  ViL 

2 

0.5 

0.5 

0.5 

4.5 
to 

5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

Low-Level 

Output  Voltage  V<x. 
CMOS  Loads 

V,L 

or 

V,H 

0.02 

2 

0.1 

0.1 

0.1 

Va. 
or 
V,„ 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

Vn. 
or 
V,„ 

V,L 

or  . 

- -  -vs„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0  33 

0.4 

5.2 

6 

0.26 

0.33 

CL4 

Input  Leakage 

Current  li 

Vcc 
or 
Gnd/ 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

„A 

Quiescent 

Device  Current  Ice 

Vcc 
or 

Gnd 

0 

6 

2 

20 

40 

Vcc 
or 
Gnd 

5.5 

2 

20 

40 

Additional 

Quiescent  Device 

Current  per  input 

pin:  1  unit  load  Alec' 

Vcc  -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

Output  Leakage 
Current  loz 

V,L 

Vo  = 
10V 
thru 
1  KCJ 

6 

0.5 

5 

10 

V,  =  V|L 

Vo  =  10  V 
thru 
1  KO 

5.5 

0.5 

5 

10 

fA 

•For  dual-supply  systems  theoretical  worst  case  (V.  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS  * 

nA,  nB 

1 

*  Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 //A  max.  @  25° C. 
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Technical  Data 


CD54/74HC03 
CD54/74HCT03 


SWITCHING  CHARACTERISTICS  (Vcc  =  5V,T»  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

Cl 
(PF) 

TYPICAL  VALUES 

UNITS 

HC 

HCT 

Propagation  Delay,  (Fig.  1) 

tpZL,  tPLZ 

15 

8 

9 

ns 

Power  Dissipation  Capacitance  * 

Cpo 

6.4 

9 

PF 

*  Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
Pd  =  Cpd  Vcc2f,  +  X  (CL  Vcc2f„)  +  I  (Vl2/Rl)  (Duty  Factor  "Low") 

where  t,  =  input  frequency  Duty  factor  "low"  =  percent  of  time  output  is  "low" 

f„  =  output  frequency  VL  =  output  voltage 

CL  =  output  load  capacitance  Rl  =  pull-up  resistor 

Vcc  =  supply  voltage 

SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„  t,  =  6  ns) 


LIMITS 

CHARACTERISTIC 

TEST 
CONDITIONS 

Vcc 
V 

25 

c 

-40°Cto  +85°  C 

-55°Cto  +125°C 

UNITS 

HC 

HCT 

54HC 

54HCT 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay  tPLz 

Output  LOW  tO  tpZL 

High  Impedance  and 
High  Impedance  to 
Output  Low 

2 

4.5 
6 

100 
20 
17 

24 

125 
25 
21 

30 

150 
30 
26 

36 

ns 

Transition  Times  ithl 

2 

75 

95 

110 

(Figure  1) 

4.5 

15 

15 

19 

19 

22 

22 

ns 



6 

13 

16 

19 

Input  Capacitance  G 

10 

10 

10 

10 

10 

10 

PF 

INPUT  LEVEL 


nBlnAlO 


92CS-40189RI 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

1.3  V 

8        9  10 


LOAD  VOLTAGE  (VLt"V 

Fig.  2  -  Minimum  resistive  load  vs  toad  voltage. 


Fig.  1  -  Transition  times,  propagation  delay  times,  and  test  circuit. 
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Technical  Data. 


CD54/74HC04 
CD54/74HCT04 


File  Number  1471 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


Hex  Inverter 


Type  Features: 

■  Input  and  Output  are  both  buttered 

u  Typical  propagation  delay  =  6  ns  @  Vcc  =  5V,  CL  =  75  pF,  T*  =  25°  C 


The  RCA-CD54/74HC04  and  CD54/74HCT04  hex  inverter 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power 
consumption  of  standard  CMOS  integrated  circuits.  All 
devices  have  the  ability  to  drive  10  LSTTL  loads.  The 
54HCT/74HCT  logic  family  is  functionally  as  well  as  pin 
compatible  with  the  standard  54LS/74LS  logic  family. 

The  CD54HC04  and  CD54HCT04  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC04  and  CD74HCT04  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


92CS-36947RI 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  - 10  LSTTL  Loads 
Bus  Driver  Outputs  - 15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  Nil  =  30%,  Nih  =  30%  of  VCC:  @ 
Vcc  =  5  V 
mCD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

VlL  =  0.8  V  Max.,  ViH  =  2V  Min. 
CMOS  Input  Compatibility 

/,  <  f  )JA@  Vol,  Voh 


LOGIC  DIAGRAM 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

nA 

nY 

L 

H 

H 

L 

60   


Technical  Data 


CD54/74HC04 
CD54/74HCT04 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (VCc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  Iik  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  Vc  <  -0.5  V  OR  VD  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR -0.5  V<V„<  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T«  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  T»  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°  C  to  300  m W 

For  TA  «  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

ForTA+100to+125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70° C  (PACKAGE  TYPE  M)   400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F,  H    -55  to +125°  C 

PACKAGE  TYPE  E.  M   -40  to  +85°C 

STORAGE  TEMPERATURE  (T«,9)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply  Voltage  Range  (For  Ta  =  Full  Package  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vin,  Vout 

0 

VCC 

V 

Operating  Temperature  Ta: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times,  tr,  tf 

at2V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


Technical  Data  

CD54/74HC04 
CD54/74HCT04 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC04/CD54HC04 

CD74HCT04/CD54HCT04 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  V(H 

2 

1.5 

15 

1.5 

4.5 
to 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  VIL 

2 

0.5 

0.5 

0.5 

- 

4.5 
to 
55 

- 

- 

08 

- 

0.8 

- 

0.8 

V 

4.5 

- 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  VOH 
CMOS  Loads 

v1L 

or 

VlH 

-0.02 

2 

1.9 

1.9 

1.9 

V„ 
or 

v„ 

45 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4,4 

- 

- 

4.4 

- 

44 

- 

6 

5.9 

5.9 

59 



TTL  Loads 

 1 

v,t 

or 
V„ 

v„ 

or 

v„ 

4.5 

3.98 

- 

- 

3.84 

- 

3  7 

V 

-4 

4.5 

398 

3.84 

37 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  VQl 
CMOS  Loads 

v,t 

or 

v„ 

0.02 

2 

0.1 

0.1 

0.1 

v„ 

or 

4.5 

0  1 

0  1 

0.1 

V 

4.5 

0.1 

0  1 

0.1 

6 

0.1 

0.1 

0.1 

v„ 

TTL  Loads 

or 

v,„ 

v,L 

or 

V„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

45 

026 

0.33 

0.4 

5.2 

6 

0.26 

033 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

+0  1 

±1 

♦1 

Any 
Voltage 
Between 
Vcc 
&  Gnd 

5.5 

t0.1 

♦  1 

11 

//A 

Ouiescent 
Device 

Current  lcc 

Vcc 

or 
Gnd 

0 

6 

2 

20 

40 

Vcc 
or 
Gnd 

5.5 

2 

20 

40 

fA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load       A  Ice* 

Vcc-2-1 

4.5 
to 

5.5 

100 

360 

450 

490 

fA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  Is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads- 

ALL 

1.2 

•Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart, 
e.g..  360  uA  max.  (ffi  25°C. 
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 Technical  Data 

CD54/74HC04 
CD54/74HCT04 


SWITCHING  CHARACTERISTICS  (VCc  =  5  V,  T«  =  25°  C,  Input  tr,  t,  =  6  ns) 


CHARACTERISTIC 

Typical 

Units 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1)  tPLH 
(CL=15pF)  tPHL 

6 

7 

ns 

Power  Dissipation  Capacitance*  CPn 

21 

24 

PF 

*CPDlis  used  to  determine  the  dynamic  power  consumption,  per  inverter  where: 
Pd  =  Vcc2f  (Cpd  +  Cl)  where  f  =  input  frequency 

Cl  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  tr,  t,  =  6  ns) 


LIMITS 

TEST 

25°  C 

-40°Cto+85°C 

-55°Cto+125°C 

CHARACTERISTIC 

CONDITION 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Vcc 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay  tpLH 

2 

85 

105 

130 

Input  to  Output  tpHL 

4.5 

17 

19 

21 

24 

26 

29 

ns 

(Fig.  1) 

6 

14 

18 

22 

Transition  Times  hLn 

2 

75 

95 

110 

(Fig.  1)  Ithl 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance  G 

10 

10 

10 

10 

10 

10 

pF 

I 


INPUT 
LEVEL 


'  90% 

vs  «s-r 
\ 


90%" 
OUTHUT  Vs 


-IO% 

IO%- 

90  % 
'S 


54/74HC 

54/74HCT 

INPUT  LEVEL 

3V 

50%  VCC 

I  3V 

92CS-36948HI 


Fig.  1  -  Transition  times  and  propagation  delay  times. 
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Technical  Data 


CD54/74HC08 
CD54/74HCT08 


File  Number  1549 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


Quad  2-lnput  AND  Gate 

Type  Features: 

■  Buffered  inputs 

■  Typical  CD54/74HC08  propagation  delay=7  ns 
@  VCc=5  V,  CL=15pF,  7A=25°C 


The  RCA-CD54/74HC08  and  CD54/74HCT08  logic  gates 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits.  All  devices 
have  the  ability  to  drive  1 0  LSTTL  loads.  The  54HCT/74HCT 
logic  family  is  functionally  as  well  as  pin  compatible  with 
the  standard  54LS/74LS  logic  family. 

The  CD54HC08  and  CD54HCT08  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC08  and  CD74HCT08  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  package  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 

LOGIC  DIAGRAMS 


92CS-37972RI 


CD54/74HC08 


92CS-37973RI 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 
N,L=30%,  N,„=30%  of  Vcc  @  Vcc=5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL=0.8  V  Max.,  V,H=2  V  Min. 
CMOS  Input  Compatibility 

!,<1uA@  Vol,  V0h 


TRUTH  TABLE 


CD54/74HCT08 


INPUTS 

OUTPUTS 

nA 

nB 

nY 

L 

L 

L 

L 

H 

L 

H 

L 

L 

H 

H 

H 

Technical  Data 


CD54/74HC08 
CD54/74HCT08 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  m A 

DC  OUTPUT  DIODE  CURRENT,  l0K  (FOR  V„  <  -0.5  V  OR  V0  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice):  ±50  m A 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  •  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  T,  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

ForT.  =  -55to+100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  T»  .  +100  to  +  125°C  (PACKAGE  TYPE  F.  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T«  =  +70  to  +  125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H  -55to+125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T„B)   -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only   *300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA=Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

CD54  Types 

-55 

+125 

•c 

Input  Rise  and  Fall  Times  t„t( 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC06/CD54HC08 

CD74HCT08/CD54HCT08 

UNITS 

TEST 
CONDITIONS 

74HC/S4HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 

mA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

♦25"  C 

-40/ 

♦ss-c 

-5S/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Max 

Min 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V„ 

2 

1.5 

— 

_ 

1.5 

— 

1.5 

— 

4.5 
to 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

4.5 

3.15 

— 

— 

3.15 

_ 

3.15 

_ 

6 

4.2 

— 

— 

4.2 

_ 

4.2 

— 

Low-Level 

Input  Voltage  VIL 

2 

_ 

_ 

0.5 

_ 

0.5 

_ 

0.5 

4.5 
to 
55 

- 

- 

08 

- 

08 

- 

08 

V 

4.5 

_ 

1.35 

_ 

1.35 

1.35 

6 

_ 

18 

1.8 

1.8 

High-Level 
Output  Voltage  V0M 
CMOS  Loads 

V,t 

or 

V|H 

-0.02 

2 

■ 



_ 

'  9 

_ 

1  9 

_ 

V,. 
or 
v,„ 

45 

4  4 

- 

- 

4.4 

- 

4  4 

- 

V 

45 

4,4 

_ 

_ 

4  4 

4.4 

_ 

6 

59 

_ 

_ 

5.9 

_ 

5.9 



TTL  Loads 

v,L 
or 
v,„ 

v„ 
or 
v,„ 

45 

398 

- 

- 

384 

- 

37 

- 

V 

-4 

45 

3.98 

- 

- 

3.84 

- 

37 

- 

-5.2 

6 

5.48 

534 

52 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Vn 
or 

v„ 

0  02 

2 

0  1 

— 

01 

0  1 

v» 

or 

V,„ 

4.5 

- 

- 

0  1 

- 

0.1 

- 

0  1 

V 

4.5 

0  1 

0.1 

- 

0  1 

6 

0  1 

0  1 

0  1 

TTL  Loads 

V,L 

or 

v„ 

V» 
or 

v„ 

45 

- 

- 

0.26 

- 

033 

- 

04 

V 

4 

4.5 

0.26 

033 

0.4 

5.2 

6 

0.26 

0.33 

04 

Input  Leakage 
Current  1, 

Vcc 

or 
Gnd 

6 

±0.1 

+  1 

±1 

Any 
Voltage 
Between 
Vcc 
8  Gnd 

5.5 

±0  1 

+  1 

±1 

„A 

Quiescent 
Device 

Current  lcc 

Vcc 
or 
Gnd 

0 

6 

2 

20 

40 

Vcc 
or 
&  Gnd 

5.5 

2 

20 

40 

//A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load       A  Ice* 

Vcc-2  1 

4.5 
to 

5.5 

100 

360 

450 

490 

liA 

"For  dual-supply  systems  theoretical  worst  case  (Vi  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

0.6 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart, 
e.g..  360 //A  max.  @  25°C. 
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 Technical  Data 

CD54/74HC08 
CD54/74HCT08 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T*  =  25°  C,  Input  t„  I,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1 ) 
(C=15  pF) 

tpLH 
tpHL 

7 

10 

ns 

Power  Dissipation  Capacitance* 

Cpo 

37 

51 

pF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
PD=  Vcc2  fi  (Cpo  +  CL)    where  f,=input  frequency 

CL=output  load  capacitance 
VCc=supply  voltage 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°CtO  +85e 

C 

-55°Cto  +125 

°C 

CHARACTERISTIC 

SYMBOL 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

90 

115 

135 

Input  to  Output 

tpHL 

4.5 

18 

25 

23 

31 

27 

38 

ns 

(Fig.  1) 

6 

25 

20 

23 

Transition  Times 

tTLH 

2 

75 

95 

110 

(Fig.  1) 

tjHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input 

Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

tr=6ns 
INPUT  LEVEL 


 90% 


-  tpHL 
92C3-37S74RI 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 


Technical  Data 


CD54/74HC10 
CD54/74HCT10 


File  Number  1551 


High-Speed  CMOS  Logic 


92CS- 37989 

FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


Triple  3-lnput  NAND  Gate 

Type  Features: 

■  Buffered  inputs 

■  Typical  propagation  delay  =  8  ns 
@Vcc  =  5  V,  Cl  =  15  pF,  Ta  =  25°  C 


The  RCA-CD54/74HC10  and  CD54/74HCT10  logic  gates 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits.  All  devices 
have  the  ability  to  drive  1 0  LSTTL  loads.  The  54HCT/74HCT 
logic  family  is  functionally  as  well  as  pin  compatible  with 
the  standard  54LS/74LS  logic  family. 

The  CD54HC10  and  CD54HCT10  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC10  and  CD74HCT10  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


92CS-37990RI 

LOGIC  DIAGRAM 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 
High  Noise  Immunity: 

W,t=30%,  N,„=30%  Of  Vcci  @  Vcc=5  V 

■  CD54HC  TICD74HC  T  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,l=0.8  V  Max.,  V,H=2  V  Min. 
CMOS  Input  Compatibility 

/,  <  f  uA@  VOL,  VOH 

TRUTH  TABLE 


INPUTS 

OUTPUTS 

nA 

nB 

nC 

nY 

L 

L 

L 

H 

L 

L 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

Technical  Data 


CD54/74HC10 
CD54/74HCT10 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  I,.  (FOR  V,  <  -0.5  V  OR  Vi  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  lOK  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice):  ±50  m A 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  T«  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

For  T»  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  T.  =  -55  to  +100°C  (PACKAGE  TYPE  F.  H)   500  mW 

For  T.  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  F,  H  -55  to  +125°  C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.„)  -65  to  +150°  C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„ti 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data 


CD54/74HC10 
CD54/74HCT10 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC10/CD54HC10 

CD74HCT10/CD54HCT10 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

It 
mA 

Vcc 
V 

♦25"  C 

-40/ 
+85°  C 

-55/ 
+125"C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

Min 

Typ 

Mai 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  VIH 

2 

1.5 

- 

- 

1.5 

- 

1.5 

- 

- 

4.5 

to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3.15 

- 

3  15 

6 

4.2 

- 

- 

4.2 

- 

4.2 

- 

Low-Level 

Input  Voltage  Vpl 

2 

- 

- 

0.5 

- 

0.5 

- 

0  5 

- 

4.5 
to 
5.5 

0.8 

0.8 

08 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  Vo„ 
CMOS  Loads 

v„ 

or 
V,„ 

-0.02 

2 

1.9 

1.9 

19 

v„ 

or 
V,„ 

4.5 

4  4 

44 

44 

V 

4.5 

4.4 

44 

4.4 

6 

5.9 

- 

- 

5.9 

59 

- 

TTL  Loads 

v„ 

or 

v„ 

Vil 

or 
V,„ 

4.5 

398 

3  84 

3  7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

534 

5.2 

Low-Level 

Output  Voltage  Vot 
CMOS  Loads 

V. 
or 
V„ 

002 

2 

0  1 

0  1 

0  1 

v„ 

or 
V„ 

45 

0.1 

0  1 

0  1 

V 

4.5 

0.1 

0  1 

0  1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

y» 

or 
V„ 

V„ 
or 

V,„ 

4.5 

0  26 

0  33 

04 

V 

4 

45 

0.26 

033 

04 

52 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

10.1 

±1 

♦  1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

!0.1 

±1 

//A 

Quiescent 
Device 

Current  lcc 

Vcc 

or 
Gnd 

0 

6 

2 

20 

40 

Vcc 
or 
Gnd 

55 

2 

20 

40 

1/A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load        A  Ice* 

Vcc-21 

45 
lo 

5.5 

100 

360 

450 

490 

//A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  *  5  5  V)  specification  is  1 .8  mA 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

0.6 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart, 
e.g..  360  //A  max.  @  25°  C. 
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Technical  Data 


CD54/74HC10 
CD54/74HCT10 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25° C,  Input  t,  t<  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1) 
(Cl=15  pF) 

tpLH 
tpHL 

8 

9 

ns 

Power  Dissipation  Capacitance* 

Cpd 

24 

28 

pF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
PD=VCczfi     (Cpd  +  CL)     where  f,=input  frequency 

CL=output  load  capacitance 
VCc=supply  voltage 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t,  t,  =  6  ns) 


25"  C 

-40°Cto+85°C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

vcc 

HC 

HCT 

74HC 

74  HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay, 

tPLH 

2 

100 

125 

150 

Input  to  Output 

tpHL 

4.5 

20 

24 

25 

30 

30 

36 

ns 

(Fig.  1) 

6 

17 

21 

26 

Transition  Times 
(Fig.  1) 

tTLH 
tTHL 

2 

4.5 
6 

75 
15 
13 

15 

95 
19 
16 

19 

110 
22 
19 

22 

ns 

Input 

Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

tr  =6ns- 
INPUT 


-  tf  =6ns 
 90% 


 1  90°/ 

 \  vs 

 V  10% 

\  ^  10% 


J7 


NPUT 
LEVEL 


"*—  'TLH 
92CS-3799IRI 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 


Technical  Data 


CD54/74HC11 
CD54/74HCT11 


File  Number  1475 


High-Speed  CMOS  Logic 


Triple  3-lnput  AND  Gate 


Type  Features: 

■  Buffered  inputs 
m  Typical  propagation  delay  =  8  ns 
rA  =  25°  c 


!  Vcc  =  5  V,  C=  15  pF, 


92CS-3687IRI 


FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


The  RCA-CD54/74HC11  and  CD54/74HCT11  logic  gates 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits.  All  devices 
have  the  ability  to  drive  10  LSTTL  loads.  The  54HCT/74HCT 
logic  family  is  functionally  as  well  as  pin  compatible  with 
the  standard  54LS/74LS  logic  family. 

The  CD54HC11  and  CD54HCT1 1  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC11  and  CD74HCT1 1  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  [Over  Temperature  Range]: 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  75  LSTTL  Loads 

m  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85"  C 

m  Balanced  Propagation  Delay  and  Transition  Times 

m  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

m  Alternate  Source  is  Phillips/Signetics 
m  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 

High  Noise  Immunity:  W,L=30%,  W,H=30%  of  Vcc 
@  Vcc=5  V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

f,L=0.8  V  Max.,  V,H=2  V  Min. 
CMOS  Input  Compatibility 

/,  <  1      @  VOL,  VOH 


TRUTH  TABLE 


92CS-3697IRI 


LOGIC  DIAGRAM 


INPUTS 

OUTPUTS 

nA 

nB 

nC 

nY 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 
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Technical  Data 


CD54/74HC11 
CD54/74HCT11 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 


DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)  -0-5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,„  (FOR  V,  <-0.5V  or  V,  >V«  +0.5V)  ±20  mA 

DC  OUTPUT  CURRENT,  lOK  (FOR  V„  <-0.5V  OR  V„  >  V«  +0.5V)  ±20  m A 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5V  <  V„  <  Vcc  +  0.5V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice):   ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

For  T»  =  +60  to+85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  T,  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E.  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (Tslg)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  +  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package  Temperature  Range)  VCc:° 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,n,  V„„, 

Vcc 

V 

Operating  Temperature  Ta: 

CD74  Types 

-40 

+85 

•c 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times  t„  tf 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


73 


Technical  Data 


CD54/74HC11 
CD54/74HCT11 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC11/CD54HC11 

CD74HCT1 1/CD54HCT1 1 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

V 

+25"  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High -Level 

Input  Voltage  V,„ 

2 

1.5 

1.5 

1.5 

- 

4.5 
lo 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

4.5 

3.15 

3.15 

~ 

3  15 

6 

4.2 

42 

4.2 

— 

Low-Level 

Input  Voltage  VIL 

2 

0.5 

0.5 

- 

4.5 
lo 
5  5 

- 

- 

0.8 

08 

- 

0.8 

V 

4  5 

- 

1.35 

■  35 

1.35 

g 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  VOH 
CMOS  Loads 

vV 
or 

y 

-0.02 

2 

1.9 

19 

1.9 

or 

4.5 

44 

- 

- 

4.4 

- 

4.4 

- 

V 

45 

4.4 

- 

- 

4.4 

- 

4.4 

- 

g 

5.9 

59 

5.9 

TTL  Loads 

or 

V,L 

or 

4.5 

398 

- 

- 

3.84 

- 

3.7 

- 

V 

-4 

4.5 

3.98 

3.84 

3.7 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  V0i. 
CMOS  Loads 

V.i 
or 

v,„ 

0  02 

2 

0.1 

0.1 

0.1 

VIL 
or 

V.h 

45 

0.1 

0.1 

0.1 

V 

4  5 

0.1 

0.1 

0.1 

6 

0  1 

0  1 

0  1 

TTL  Loads 

v„ 

or 

v,„ 

V,L 
or 

v,„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

4  5 

0.26 

033 

0.4 

5.2 

6 

026 

0.33 

0.4 

Input  Leakage 
Current  I, 

Vcc 
or 
GnrJ 

6 

♦0.1 

♦  1 

♦  1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

55 

♦0.1 

+1 

±1 

t/A 

Quiescent 
Device 

Current  lcc 

Vcc 
or 
Grid 

0 

6 

2 

20 

40 

Vcc 
or 
&  Gnd 

55 

2 

20 

40 

6A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load       A  lcc* 

Vcc-2.1 

4.5 
to 
55 

100 

360 

450 

490 

"For  dual-supply  systems  theoretical  worst  case  (Vi  =  2.4  V,  Vcc  ■  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

ALL 

0.50 

74 


'Unit  Load  is  AICc  limit  specified  in  Static  Characteristic  Chart, 
e.g.,  360 //A  max.  @  25°C. 


 Technical  Data 

CD54/74HC11 
CD54/74HCT11 


SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

VCc 

  25°  C 

-40°Cto+85"C 

-55°Cto+125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpi_H 

Input  to  Output 

2 

100 

125 

150 

(Fi9- 1) 

tpHL 

4.5 

20 

28 

25 

35 

30 

42 

ns 

6 

17 

21 

26 

Transition  Times 

'tlh 

2 

75 

95 

110 

(Fig.  1) 

w 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T,  =  25° C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

Typical 

Units 

HC 

HCT 

Propagation  Delay.  Data  Input  to  Output  Y  (Fig.  1) 
(CL  =  15pF) 

tpLH 
tpHL 

8 

11 

ns 

-  Dissipation  Capacitance' 

26 

28 

PF 

'Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
PD  =  Vcc2f.  (Cpo  tCl)  where  f,  =  input  frequency 

cL  =  output  load  capacitance 
Vcc  =  supply  voltage 


92CS-3f 972R5 


Fig.  1  —  Transition  times  and  propagation  delay  times. 


54/74HC 

54/74HCT 

INPUT  LEVEL 

VCC 

3V 

Vs 

50%  Vcc 

1.3V 

75 


JffgivSpeed  CMOS  Logic 


Hex  Inverting  Schmitt  Trigger 

Type  Features: 

■  Unlimited  input  rise  and  tail  times 
m  Exceptionally  high  noise  immunity 


FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


The  RCA-CD54/74HC14  and  CD54/74HCT14  each  contain 
6  inverting  Schmitt  Triggers  in  one  package. 

The  CD54HC14  and  CD54HCT14  are  supplied  in  14-lead 
ceramic  dual-in-line  packages  (F  suffix).  The  CD74HC14 
and  CD74HCT14  are  supplied  in  14-lead  dual-in-line  plas- 
tic packages  (E  suffix)  and  in  14-lead  dual-in-line  surface 
mount  plastic  packages  (M  suffix).  Both  devices  are  also 
available  in  chip  form  (H  suffix). 

"*0  j^>>  P>  0"Y 

LOGIC  DIAGRAM 


vo 


VH=VT-Vf 
 V, 


+ 


92CS-39828 

Fig.  1  -  Hysteresis  delinition,  characteristic,  and  test  setup. 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 
m  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

m  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 
High  Noise  Immunity: 
NIL  =  37%,  A/ih  =  57%  ol  Vcd  @VCc  =  5V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 
A/,L  =  18%,  W,H  =  67%  of  VCc  @  Vcc  =  4.5V 
CMOS  Input  Compatibility 
/,  <  7  pA@  Vol.  Voh 


TRUTH  TABLE 


INPUT 

OUTPUT 

A 

Y 

L 

H 

H 

L 

H  =  High  Level 
L  =  Low  Level 
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 Technical  Data 

CD54/74HC14 
CD54/74HCT14 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

{Voltages  referenced  to  ground)  -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l,«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5V)   ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR -0.5  V<V„<  Vcc  +  0  5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T„  I  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  T«  -  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  ■  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T,  =  +100  to  +125°C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  ■  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F.  H    -55  to +1 25°  C 

PACKAGE  TYPE  E,  M    -40  to  +85°C 

STORAGE  TEMPERATURE  (Ts„)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vu  VQ 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times  t„  t. 

at  2  V 

0 

Unlimited 

ns 

at  4.5  V 

0 

Unlimited 

ns 

at  6  V 

0 

Unlimited 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data 


CD54/74HC14 
CD54/74HCT14 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 


CD74HC14/CD54HC14 


TEST 
CONDITIONS 


74HC/54HC 
TYPES 


74HC 
TYPE 


-40/ 
+85°  C 


54HC 
TYPE 


-55/ 
+125°C 


CD74HCT14/CD54HCT14 


TEST 
CONDITIONS 


74HCT/54HCT 
TYPES 


74HCT 
TYPE 


54HCT 
TYPE 


-40/ 
+85°  C 


-55/ 
+125C 


Input  Switch 
Points  V^ 


High-Level  Output 
Voltage  V,,„ 
CMOS  Loads 


TTL  Loads 


Low-Level  Output 
Voltage  V,  L 

CMOS  Loads 


V,+ 


Input  Leakage 
Current 


Any 
Voltage 
Between 

Vri  and 
Gnd 


Quiescent 
Device 

Current  lr.( 


Additional 
Quiescent 
Device  Current 
per  input  pin: 
1  unit  load 


A  It-. 


"For  dual-supply  systems  theoretical  worst  case  (V,  -  2  4  V,  Vcc  =  5.5  V)  specification  is  1  8  mA 

HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

nA 

0.6 

"Unit  load  is  AICc  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 /jA  max.  @  25°C. 
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 Technical  Data 

CD54/74HC14 
CD54/74HCT14 


SWITCHING  CHARACTERISTICS  (Vcc  -  5  V,  Ta  =  25°  C,  Input  l„  t,    6  ns) 


CHARACTERISTIC 

CL 
(PF) 

TYPICAL 
HC  HCT 

UNITS 

Propagation  Delay, 

tpHL  >Wh 

15 

11 

16 

ns 

Power  Dissipation  Capacitance* 

20 

20 

PF 

*CPD  is  used  to  determine  the  dynamic  power  consumption,  per  inverter. 
P0  =  Vcc2f,  (CPD  +  CL)  where:  f,  =  input  frequency 

CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°  C  to +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

135 

170 

205 

A  to  Y 

tpHL 

4.5 

27 

38 

34 

48 

41 

57 

ns 

6 

23 

29 

35 

Output 

tTLH 

2 

75 

95 

110 

Transition  Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input 

Capacitance 

c, 

10 

10 

10 

10 

10 

10 

pF 

INPUT 
LEVEL 


90%" 
OUTPUT  Vs 


^90%  5L 
VS  Vr 

HL 


90% 
'S 


54/74HC 

54/ 74  HCT 

INPUT  LEVEL 

vcc 

3V 

50%  VCC 

I  3V 

92CS-3694BRI 


Fig.  2  -  Transition  times  and  propagation  delay  limes. 


Technical  Data , 


CD54/74HC20 
CD54/74HCT20 

High-Speed  CMOS  Logic 


File  Number  1601 


92CS-38338 

FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


Dual  4-lnput  NAND  Gate 


Type  Features: 

■  Buffered  inputs  (HCT  types) 

■  Typical  propogation  delay  =  8  ns 

@  Vcc=5V,  CL=I5  pF,  7A=25°C  <HC  types) 


The  RCA-CD54/74HC20  and  CD54/74HCT20  logic  gates 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits.  All  devices 
have  the  ability  to  drive  10  LSTTL  loads.  The  54HCT/74HCT 
logic  family  is  functionally  as  well  as  pin  compatible  with 
the  standard  54LS/74LS  logic  family. 

The  CD54HC20  and  CD54HCT20  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC20  and  CD74HCT20  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


MCS-  38339 

HC  LOGIC  DIAGRAM  (1  GATE) 


92CS- 38340 


Family  Features 

■  Fanout  (over  temperature  range): 
Standard  outputs  —  10  LSTTL  loads 
Bus  driver  outputs  —  75  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition 
Times 

■  Significant  power  reduction  compared  to 
LSTTL  logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity: 

Nil  =  30%,  WIH  =  30%  of  VCc,  @  Vcc  =  5V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 
V,i_  =  0.8  V  max.,  V,H  =  2  V  min. 

CMOS  input  compatibility 
I,  <  7  fjA  @  Vol,  Voh 

TRUTH  TABLE 


HCT  LOGIC  DIAGRAM  (1  GATE) 


INPUTS 

OUTPUTS 

nA 

nB 

nC 

nD 

nY 

L 

X 

X 

X 

H 

X 

L 

X 

X 

H 

X 

X 

L 

X 

H 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 

X  =  Don't  Care 


L  =  Low  Voltage  Level 
H  =  High  Voltage  Level 


.  Technical  Data 


CD54/74HC20 
CD54/74HCT20 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT.  I*  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)    ±  20  mA 

DC  OUTPUT  CURRENT,  lOK  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   +  20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   ±  25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)   ±  50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T.  =  +100  to  +125°C  (PACKAGE  TYPE  F.  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  i  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  TA  a  +70  to  +125°  C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°  C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H   -55to+125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°C 

STORAGE  TEMPERATURE  (T.,,)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  +  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm)  with  solder  contacting  lead  tips  only  +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


LIMITS 

UNITS 

CHARACTERISTIC 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times,  t„  tt 

at  2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


Technical  Data 


CD54/74HC20 
CD54/74HCT20 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC20/CDS4HC20 

CD74HCT20/CD54HCT20 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 
mA 

Vcc 
V 

+25°C 

-40/ 
+85°C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25"C 

-40/ 
+85°C 

-55/ 
+125°C 

Min 

Typ 

Max 

Mln 

Max 

Min 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Min 

Max 

High-Level 

Input  Voltage  VIH 

2 

1.5 

- 

- 

15 

- 

1.5 

- 

- 

4.5 
to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3.15 

- 

3.15 

- 

6 

4.2 

- 

- 

4.2 

- 

4,2 

- 

Low-Level 

Input  Voltage  V,L 

2 

- 

- 

0.5 

- 

0.5 

- 

0.5 

- 

4.5 
to 

5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

18 

1.8 

1.8 

High-Level 

Output  Voltage  V0m 
CMOS  Loads 

ViL 

or 
V,„ 

-0.02 

2 

19 

1.9 

1.9 

V,L 

or 
V,„ 

4.5 

4.4 

4.4 

4  4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

TTL  Loads 

VIL 
or 

V,H 

-4 

V,L 
or 

VlH 

4.5 

3.98 

3.84 

3.7 

V 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V|L 

or 
V,» 

0.02 

2 

0.1 

0.1 

0.1 

V|L 

or 

V,„ 

4.5 

0  1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,t 
or 
v,„ 

4 

V,t 
or 
V,„ 

4.5 

0.26 

0.33 

04 

V 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
& 

Gnd 

5.5 

+0.1 

±1 

+  1 

fA 

Ouiescent 
Device 

Current  Ice 

Vcc 
or 
Gnd 

0 

6 

2 

20 

40 

Vcc 
or 

Gnd 

5.5 

2 

20 

40 

^A 

Additional 
Quiescent 
Device  Current 
per  input  pin: 
1  unit  load  Alec* 

Vcc  -2.1 

4.5 

to 

5.5 

100 

360 

450 

490 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

0.15 

"Unit  load  is  Alcc  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 //A  max.  @  25°C. 
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Technical  Data 


CD54/74HC20 
CD54/74HCT20 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25° C,  Input  t„  ti  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1) 
(C  =  15pF) 

tpLH 
tpHL 

8 

11 

ns 

Power  Dissipation  Capacitance" 

CpD 

26 

38 

pF 

*CpD  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
PD  =  Vcc2  fi  (Cpd  +  CL)  where    =  input  frequency 

CL  =  output  load  capacitance. 
Vcc  =  supply  voltage. 


SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

100 

125 

150 

Input  to  Output 

tpHL 

4.5 

20 

28 

25 

35 

30 

42 

ns 

(Fig.  1) 

6 

17 

21 

26 

Transition  Times 

tTLH 

2 

75 

95 

110 

(Fig.  1) 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input 

C, 

10 

10 

10 

10 

10 

10 

pF 

Capacitance 

92CS -37991 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3V 

Fig.  1  —  Transition  times  and  propagation  delay  times. 
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Technical  Data 


nign-opeea  umus  Logic 


92CS- 39365 

FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


Dual  4-lnput  AND  Gate 

Type  Features: 

■  Buffered  inputs 

m  Typical  propagation  delay  -  9ns 

@  l/cc  =  51/,  CL  =  75  pF,  T»  =  25°  C  (HC  types) 


The  RCA-CD54/74HC21  and  CD54/74HCT21  logic  gates 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits.  All  devices 
have  the  ability  to  drive  10  LSTTL  loads.  The  54HCT/74HCT 
logic  family  is  functionally  as  well  as  pin  compatible  with 
the  standard  54LS/74LS  logic  family. 

The  CD54HC21  and  CD54HCT21  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC21  and  CD74HCT21  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HCIHCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 
A/,l  =  30%,  N,„  =  30%  of  l/cc'  @  Vcc  =  51/ 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  max..  V,H  =  2  V  Min. 
CMOS  Input  Compatibility 

!,<1fiA@  Vol.  Voh 


LOGIC  DIAGRAM 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

nA 

nB 

nC 

nD 

nY 

L 

X 

X 

X 

L 

X 

L 

X 

X 

L 

X 

X 

L 

X 

L 

x 

X 

X 

L 

L 

H 

H 

H 

H 

H 

X  =  Don't  Care 

L  =  Low  Level  Voltage 

H  =  High  Level  Voltage 
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Technical  Data 


CD54/74HC21 
CD54/74HCT21 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  I,*  {FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  U  (FOR  V„  <  -0.5  V  OR  V0  >  Vcc  +0.5V)   ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l0)  (FOR -0.5  V<  V„<  Vcc  + 0.5V)    +25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  T,  =  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55 to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°  C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F.  H    -5510  +1 25°  C 

PACKAGE  TYPE  E,  M    -40  to  +85"  C 

STORAGE  TEMPERATURE  (T,m)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


1  IMITC 

CHARACTERISTIC 

UNITS 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  T4: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„  t, 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


Technical  Data  

CD54/74HC21 
CD54/74HCT21 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC21/CD54HC21 

CD74HCT21/CD54HCT21 

CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

UNITS 

V, 
V 

U 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125° C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Min 

Max 

Min 

Max 

High-Levet 

2 

1.5 

— 

— 

1.5 

— 

1.5 

— 

4  5 

Input  Voltage  VlH 

4.5 

3.15 

— 

_ 

3.15 

— 

3.15 

— 

- 

to 

2 

— 

- 

2 

— 

■2 

— 

V 

6 

4.2 

_ 

— 

4,2 

— 

4.2 

— 

5.5 

Low-Level 

2 

_ 

_ 

0.5 

_ 

0.5 

_ 

05 

4.5 

Input  Voltage  Vlt 

4.5 

1.35 

1.35 

1.35 

- 

to 

0.8 

08 

0.8 

V 

6 

- 

1.8 

1.8 

1.8 

5.5 

High-Level 

VIL 

2 

1.9 

1.9 

1.9 

Output  Voltage  V0H 

or 

-0.02 

4.5 

4.4 

_ 

— 

4.4 

— 

4.4 

— 

or 

4.5 

4.4 

— 

- 

4.4 

— 

4.4 

— 

V 

CMOS  Loads 

VIH 

6 

5.9 

— 

— 

5.9 

— 

5.9 

— 

v,„ 

se 

Vu 

TTL  Loads 

or 

-4 

4.5 

3.98 

3.84 

3.7 

or 

4.5 

3.98 

- 

3.84 

3.7 

V 

v,„ 

-5.2 

6 

5.48 

5.34 

5.2 

v,„ 

Low-Level 

v,t 

2 

0.1 

0.1 

0.1 

Output  Voltage  VOL 

or 

0.02 

4.5 

0.1 

0.1 

0.1 

or 

4.5 

0.1 

0.1 

0.1 

V 

CMOS  Loads 

v,„ 

6 

0.1 

0.1 

0  1 

V,„ 

V. 

v,L 

TTL  Loads 

or 

4 

4.5 

0.26 

0.33 

0.4 

or 

4.5 

0.26 

0.33 

0.4 

V 

V,„ 

5.2 

6 

0.26 

0.33 

0.4 

v,„ 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
&  Grid 

5.5 

±0.1 

±1 

±1 

„A 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

2 

20 

40 

or 

5.5 

2 

20 

40 

pA 

Current  lcc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alcc* 

Vcc-2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

'For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

ALL 

1 

'Unit  load  is  AICc  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 //A  max.  @25°C. 
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Technical  Data 


CD54/74HC21 
CD54/74HCT21 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

(PF) 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1) 

tpHI  -  tpi  H 

15 

9 

11 

ns 

Power  Dissipation  Capacitance* 

— 

36 

42 

pF 

'CPD  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
PD  =  Vcc2f,  (CPD  +  CL)  where:  f,  =  input  frequency 

CL  =  output  load  capacitance 
Vm  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°  C  to +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 
Input  to  Output 
(Fig.  1) 

tpLH 
tpHL 

2 

4.5 
6 

110 
22 
19 

27 

140 
28 
24 

34 

165 
33 
28 

41 

ns 

Transition  Times 
(Fig.  1) 

tTLH 
tTHL 

2 

4.5 
6 

75 
15 
13 

15 

95 
19 
16 

19 

110 
22 
19 

22 

ns 

Input 

Capacitance 

c, 

10 

10 

10 

10 

10 

10 

pF 

■ 


tr  =  6  ns 
INPUT  LEVEL- 


1 


LcVcL  I  y 


vo 


r 


*TLH 


«PLH 


f  =  6ns 


— 90% 

— vs 

—  10% 


1 


h— *THL 


 90% 

\l  vs 

—  10% 


*PHL^-— 

92CS- 39823 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  1  —  Transition  times  and  propagation  delay  times. 
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Technical  Data 


CD54/74HC27 
CD54/74HCT27 

High-Speed  CMOS  Logic 


File  Number  1648 


Triple  3-lnput  NOR  Gate 


Type  Features: 
■  Buffered  Inputs 

m  Typical  CD54/74HC27  Propagation  Delay  -  7ns 
@  fee  -  51-,  CL=  15pF,  TA  =  25°  C 


FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


The  RCA-CD54/74HC27  and  CD54/74HCT27  logic  gates 
utilize  silicon-gate  CMOS  technology  to  achieve  operating 
speeds  similar  to  LSTTL  gates  with  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits.  All  devices 
have  the  ability  to  drive  10  LSTTL  loads.  The  CD54/74HCT 
logic  family  is  functionally  as  well  as  pin  compatible  with 
the  standard  54LS/74LS  logic  family. 

The  CD54HC27  and  CD54HCT27  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC27  and  CD74HCT27  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


Family  Feature*: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

m  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity:  Nil  =  30%,  Nm  =  30% 
of  Vcc,  @  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max.,  V,H  =  2  V  Min. 
CMOS  Input  Compatibility 

l,<1  f*A@  Vol,  Voh 


Technical  Data 


CD54/74HC27 
CD54/74HCT27 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  U  (FOR  Vo  <  -0.5  V  OR  V„  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (lCc)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  Ta  =  +60  to  +85° C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/'C  to  300  mW 

For  T,  =  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T,  =  -MOO  to  +  125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°  C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°  C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H   -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40to+85°C 

STORAGE  TEMPERATURE  (T„s)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

•c 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times  tr,  t, 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

I 

Technical  Data 


CD54/74HC27 
CD54/74HCT27 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC27/CD54HC27 

C074HCT27/COS4HCT27 

CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

UNITS 

V, 
V 

mA 

Vcc 
V 

+25"  C 

-4 

♦85 

0/ 

°c 

-55/ 
♦125° C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Max 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

High-Level 

2 

1  5 

- 

- 

15 

15 

- 

45 

Input  Voltage  V,H 

4.5 

3  15 

- 

- 

3.15 

3.15 

- 

to 

2 

- 

- 

2 

- 

2 

- 

V 

6 

42 

- 

- 

4.2 

4.2 

- 

5.5 

Low-Level 

2 

- 

- 

0.5 

" 

0.5 

- 

0.5 

4.5 

Input  Voltage  V,L 

4.5 

1.35 

1.35 

1.35 

to 

0.8 

08 

0.8 

V 

6 

- 

18 

18 

1.8 

5.5 

High-Level 

Vlt 

2 

1  9 

1  9 

1.9 

v» 

Output  Voltage 

or 

-0  02 

4.5 

44 

- 

- 

44 

- 

4.4 

- 

or 

4.5 

4.4 

- 

- 

44 

- 

4.4 

- 

V 

CMOS  Loads 

v„ 

6 

59 

— 

— 

5.9 

5.9 

— 

V„ 

«» 

V,i 

TTL  Loads 

or 

-4 

4.5 

398 

384 

3.7 

or 

4.5 

3.98 

3.84 

3.7 

V 

v,„ 

-5.2 

6 

548 

534 

- 

5.2 

V,„ 

Low-Level 

vlt 

2 

0.1 

0  1 

0.1 

v«. 

Output  Voltage  V<x 

or 

002 

4.5 

0  1 

0.1 

0  1 

or 

45 

0  1 

0  1 

01 

V 

CMOS  Loads 

V„ 

6 

0  1 

0.1 

0.1 

v,„ 

V,L 

W 

TTL  Loads 

or 

4 

4.5 

026 

0.33 

0.4 

or 

4.5 

026 

0.33 

04 

V 

v,„ 

5.2 

6 

0.26 

0.33 

0.4 

v,„ 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
4  Gnd 

5.5 

±0  1 

±1 

±1 

*A 

Quiescent 

Vcc 

Vcc 

Device 

Current  lcc 

or 
Gnd 

0 

6 

2 

20 

40 

or 
Gnd 

55 

2 

20 

40 

//A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec' 

Vcc-21 

4,5 
to 

5.5 

100 

360 

450 

490 

//A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  mA 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

1.5 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 //A  max.  @  25° C. 
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.  Technical  Data 


CD54/74HC27 
CD54/74HCT27 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 
(PF) 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1) 

15 

tpLH 
tpHL 

7 

9 

ns 

Power  Dissipation  Capacitance' 

CpD 

26 

28 

PF 

'Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
PD  =Vcc!  fi  (Cpd  +  CL) 
f,  =  input  frequency 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°  C  to  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

95 

120 

145 

Input  to  Output 

tpHL 

4.5 

19 

23 

24 

29 

29 

35 

ns 

(Fig.  1) 

6 

16 

20 

25 

Transition  Times 

t-TLH 

2 

75 

95 

110 

(Fig.  1) 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input 

c, 

10 

10 

10 

10 

10 

10 

PF 

Capacitance 

\  /• 


=  90% 

vs 

10  7. 


'TLH 
92CS-3799IRI 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 


Technical  Data 


CD54/74HC30 
CD54/74HCT30 


File  Number  1652 


High-Speed  CMOS  Logic 


1 

 2 

 3 

 4 

 5 

 6 

11 
12 


8-lnput  NAND  Gate 

Type  Features: 

■  Buffered  inputs  and  outputs 

■  Typical  propagation  delay  =  10  ns 

@  Vcc=  5V,  Cl  =  75  pF,  7«  =  25° C 


92CS-38426 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC30  and  CD54/74HCT30  each  contain 
an  eight-input  NAND  gate  in  one  package.  They  provide  the 
system  designer  with  the  direct  implementation  of  the 
positive  logic  8-input  NAND  function. 

The  CD54HC/HCT30  are  supplied  in  14-lead  ceramic  dual- 
in-line  packages  (F  suffix).  The  CD74HC/HCT30  are 
supplied  in  14-lead  dual-in-line  plastic  packages  (E  suffix) 
and  in  14-lead  dual-in-line  surface-mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form  (H 
suffix). 


92CS-3B428RI 


LOGIC  DIAGRAM 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Flange: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

m  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 
High  Noise  Immunity: 

A/IL  =  30%,  W,»  =  30%  of  VcC  @  Vcc  =  5  V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

Vil  =  0.8  V  Max.,  Vm  =  2V  Min. 
CMOS  Input  Compatibility 
h<1pA@  1/ol,  /-oh 


TRUTH  TABLE 

INPUTS 

OUTPUT 

A 

B 

C 

D 

E 

F 

G 

H 

V 

L 

X 

X 

X 

X 

X 

X 

X 

H 

X 

L 

X 

X 

X 

X 

X 

X 

H 

X 

X 

L 

X 

X 

X 

X 

X 

H 

X 

X 

X 

L 

X 

X 

X 

X 

H 

X 

X 

X 

X 

L 

X 

X 

X 

H 

X 

X 

X 

X 

X 

L 

X 

X 

H 

X 

X 

X 

X 

X 

X 

L 

X 

H 

X 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H  =  HIGH  voltage  level 
L  =  LOW  voltage  level 
X  =  Don't  care 
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Technical  Data 


CD54/74HC30 
CD54/74HCT30 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  \m  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Ic*  (FOR  V„  < -0.5  V  OR  V„  >  Vcc +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0  5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)   ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  T«  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  TA=  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.=  -55to+100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T»  =  +100  to  +125°C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW/'C  to  300  mW 

For  T,  =  -40  to  +70" C  (PACKAGE  TYPE  M)    400  mW 

For  TA  = +70  to +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H   -55  to +1 25°  C 

PACKAGE  TYPE  E  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T,,,)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

"C 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  tr,  tf 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


A  1 
B  2 
C_3 
D  4 
E  _5 
F  6 
GND  7 


1£«CC 
13  N.C. 

ilG 
10^  N.C. 

9^N.C. 

8  Y 


92CS-3B427RI 


TERMINAL  ASSIGNMENT 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC30/CD54HC30 

CO74HCT30/CO54HCT30 

CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/S4HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

S4HCT 
TYPE 

UNITS 

V, 
V 

mA 

V 

+25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
♦  125°C 

Mln 

Typ 

Mai 

Mln 

Max 

Mln 

Max 

Mln 

T  y  p 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

2 

15 

1.5 

1.5 

4.5 

Input  Voltage  Vim 

4.5 

3  15 

3  15 

3.15 

to 

2 

2 

2 

V 

6 

4  2 

4.2 

4  2 

5.5 

Low- Level 

2 

0.5 

0.5 

05 

4  5 

Input  Voltage  V,; 

4  5 

1.35 

1.35 

1.35 

to 

08 

08 

08 

V 

6 

1  8 

18 

18 

5.5 

High-Level 

vu 

2 

1.9 

1  9 

1.9 

v 

Output  Voltage  V0H 

-0.02 

4.5 

4,4 

4  4 

4.4 

4.5 

4  4 

4  4 

" 

4  4 

— 

V 

umuo  Loads 

6 

5.9 

5.9 

5.9 

V,H 

vlt 

TTL  Loads 

-4 

4  5 

398 

_ 

_ 

3  84 

_ 

3.7 

_ 

4.5 

3  98 

_ 



384 

3  7 

V 

v,„ 

-5.2 

6 

5  48 

5.34 

52 

v,„ 

Low- Level 

v„ 

2 

0  1 

0  1 

0.1 

v„ 

Output  Voltage  VOL 

or 

0  02 

4  5 

_ 

0.1 

0  1 

0.1 

4  5 





0.1 



0  1 

0  1 

V 

i>MUb  Loads 

V„ 

6 

0.1 

0  1 

0.1 

v,„ 

v,L 

v„ 

TTL  Loads 

or 

4 

4  5 

0.26 

0.33 

04 

4.5 

_ 

026 

_ 

033 

_ 

04 

V 

v,„ 

52 

6 

0.26 

0.33 

0.4 

v,„ 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

±0  1 

±1 

±1 

0* 

Quiescent 
Device 

Current  Ice 

Vcc 

or 
Gnd 

0 

6 

2 

20 

40 

Vcc 
or 
Gnd 

5.5 

2 

20 

40 

«A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 

VCc-2.1 

45 

to 

5.5 

100 

360 

450 

490 

«A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

0.6 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  //A  max.  @25°C. 
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 Technical  Data 

CD54/74HC30 
CD54/74HCT30 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T.  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 
(PF) 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1 ) 

15 

tpLH 
tpHL 

10 

11 

ns 

Power  Dissipation  Capacitance* 

Cpd 

25 

26 

pF 

"Ceo  is  used  to  determine  the  dynamic  power  consumption,  per  gate 
PD  =VccI  f.  (Cpd  *  C) 
t,  =  input  frequency 
Cu  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°Cto+85°C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

130 

165 

195 

Input  to  Output 

tpHL 

45 

26 

28 

33 

35 

39 

42 

ns 

(Fig. 1) 

6 

22 

28 

33 

Transition  Times 

tTLH 

2 

75 

95 

110 

(Fig.  1) 

tlHL 

4.5 
6 

15 
13 

15 

19 
16 

19 

22 
19 

22 

ns 

Input 

Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

(r  =6ns  - 
INPUT 


OUTPUT 


'THL  " 


/  V  -lo  % 


I  INPUT 

1  LEVEL 


 90% 

VS 
10% 


>TLH 
92CS-3799IRI 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 


Technical  Data 


CD54/74HC32 
CD54/74HCT32 

High-Speed  CMOS  Logic 


File  Number  1643 


Quad  2-lnput  OR  Gate 


Type  Features: 

■     Typical  propagation  delay  =  7  ns 

@Vcc  =  5  V,  CL  =  75  pF,  U  =  25°  C  (HC32) 


FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


The  RCA-CD54/74HC32  and  CD54/74HCT32  contain  four 
2-input  OR  gates  in  one  package. 

The  CD54HC/HCT32  are  supplied  in  14-lead  hermetic  dual- 
in-line  ceramic  packages  (F  suffix).  The  CD74HC/HCT32 
are  supplied  in  14-lead  dual-in-line  plastic  packages  (E  suf- 
fix) and  in  14-lead  dual-in-line  surface  mount  plastic  pack- 
ages (M  suffix).  Both  types  are  also  available  in  chip  form 
(H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 
•    Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 
m   Alternate  Source  is  Philips/Signetics 
m    CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  N,L  =  30%,  NM  =  30%  of  VCc 
@  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max.,  V,H  =  2VMin. 
CMOS  Input  Compatibility 

l,<1pA@  Vol.  Voh 


>I>H>-" 


TRUTH  TABLE 


CD54/74HC32 


CD54/74HCT32 

92CS-38455 


Fig.  1  -  Logic  diagrams. 


INPUTS 

OUTPUT 

nA 

nB 

nY 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H  =  HIGH  voltage  level. 
L  =  LOW  voltage  level. 
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Technical  Data 


CD54/74HC32 
CD54/74HCT32 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  lm  (FOR  V.  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT.  lo«  (FOR  V„  <  -0  5  V  OR  V„  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (U)  (FOR  -0.5  V  <  V„  <  Vcc  ♦  0.5V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)   ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/"C  to  300  mW 

For  TA  -  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F.  H   -55to+125°C 

PACKAGE  TYPE  E  M    -40  to  +85°C 

STORAGE  TEMPERATURE  (T„„)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply  Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:" 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  Vi,  Vo 

0 

Vcc 

V 

Operating  Temperature  T»: 

CD74  Types 
CD54  Types 

-40 

-55 

+85 
+  125 

°c 
°c 

Input  Rise  and  Fall  Times,  t„  t( 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


97 


Technical  Data 


CD54/74HC32 
CD54/74HCT32 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC32/C054HC32 

CD74HCT32,  CD54HCT32 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

S4HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 
mA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125° C 

Mln 

Typ 

Mai 

Mln 

Max 

Mln 

Mix 

Mln 

Typ 

M» 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V,M 

2 

1.5 

— 

1.5 

1.5 

4  5 

to 
5.5 

2 

_ 

2 

_ 

2 

_ 

V 

4.5 

3.15 

— 

3.15 

— 

3  15 

— 

— 

6 

4.2 

4.2 

— 

4.2 

Low- Level 

Input  Voltage  V(L 

2 

0.5 

05 

0.5 

4.5 
to 
5.5 

- 

- 

0.6 

- 

08 

- 

08 

V 

4.5 

- 

1.35 

1.35 

1.35 

6 

18 

18 

1.8 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

V|L 

or 

VlH 

-0.02 

2 

1.9 

1.9 

1.9 

V,L 

or 
Vi„ 

4.5 

44 

- 

- 

4  4 

- 

4.4 

- 

V 

4.5 

4.4 

- 

4.4 

- 

4.4 

- 

6 

59 

- 

5.9 

5.9 

TTL  Loads 

VlL 

or 

VIH 

-4 

V,L 

or 
V,„ 

4.5 

39B 

3.84 

3  7 

V 

4.5 

3.98 

384 

3  7 

-5-2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

VlL 

or 
V,„ 

0.02 

2 

0.1 

0  1 

0  1 

V|L 

or 
v,„ 

4  5 

0  1 

0  1 

0  1 

V 

4.5 

0  1 

0.1 

0.1 

6 

0.1 

0.1 

0  1 

TTL  Loads 

V,L 

or 
V,„ 

4 

VlL 

or 
V,„ 

4  5 

0.26 

033 

0.4 

V 

4  5 

0.26 

0  33 

04 

5  2 

6 

026 

033 

04 

Input  Leakage 
Current  li 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

pA 

Quiescent  Device 
Current  Ice 

Vcc 
or 
Gnd 

0 

6 

2 

20 

40 

Vcc 
or 
Gnd 

5.5 

2 

20 

40 

fA 

Additional 
Quiescent  Device 
Current  per 
Input  Pin, 

1  Unit  Load  Alec* 

Vcc -2.1 

4  5 

to 
5.5 

100 

360 

450 

490 

(/A 

*For  dual-supply  systems  theoretical  worst  case  (V.  -  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 

HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

All  Inputs 

1.5 

*  Unit  load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  /jA  max.  @  25" C. 


 Technical  Data 

CD54/74HC32 
CD54/74HCT32 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25° C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

C 
PF 

SYMBOL 

TYPICAL  VALUES 

UNITS 

54/74HC 

54/74HCT 

Propagation  Delay 
A,  B  to  Y 

15 

tpLH 
tpHL 

7 

9 

ns 

Power  Dissipation  Capacitance 

Cpd* 

22 

22 

PF 

'  Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
PD  =  fi  Vcc2  (Cpd  +  CL)  where: 
fi  =  input  frequency. 
Cl  *  output  load  capacitance. 
Vcc  *  supply  voltage. 


SWITCHING  CHARACTERISTICS  (C,  =  50  pF,  Input  t„  t,  =  6  ns) 


25 

•c 

-40°Cto  +85° 

C 

-55°Cto  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

90 

115 

135 

A,  B  to  Y 

tpHL 

4.5 

18 

24 

23 

30 

27 

36 

ns 

Figure  2 

6 

15 

20 

23 

Transition  Times 

tTLH 

2 

75 

95 

110 

tlHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Figure  2 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

pF 

(A,B) 


GND 


«PLH  — 


■  tf  =  6  ns 


^  — L  JU  90% 

f-  v* 

Jf-  X  mat, 

JF  ft* 


l^'TLH 


"*THL 

92CS-38436 


54/74HC 

54/74HCT 



Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Transition  times  and  propagation  delay  times. 


Technical  Data . 


CD54/74HC42 
CD54/74HCT42 


File  Number  1689 


High-Speed  CMOS  Logic 


LlLy-9 


BCD  to  Decimal  Decoder  (1-of-10) 


Type  Features: 

■  Buffered  inputs  and  outputs 

■  Typical  propagation  delay  =  12  ns  @  Vcc  =  5V.  Cu  =  75  pF 
Ta  =  25°  C  (HC42) 


92CS- 38860 

FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC42  and  CD54/74HCT42  BCD-to- 
Decimal  Decoders  utilize  silicon-gate  CMOS  technology  to 
achieve  operating  speeds  similar  to  LSTTL  decoders  with 
the  low  power  consumption  of  standard  CMOS  integrated 
circuits.  These  devices  have  the  capability  of  driving  10 
LSTTL  loads  and  are  compatible  with  the  standard  54LS 
/74LS  logic  family.  One  of  ten  outputs  (low  on  select)  is 
selected  in  accordance  with  the  BCD  input.  Non-valid  BCD 
inputs  result  in  none  of  the  outputs  being  selected  (all 
outputs  are  high). 

The  CD54HC42  and  CD54HCT42  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC42  and  CD74HCT42  are  supplied  in  16-lead  dual- 
in-line  plastic  packages  (E  suffix),  and  in  16-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HC  T:    -40  to  +85°  C 
m  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICS 

m  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 
High  Noise  Immunity: 

W,L  =  30%,  Nih  =  30%  of  VCc:  @VCc  =  5V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

V,l  =  0.8V  Max..  V,H  =  2V  Mm. 
CMOS  Input  Compatibility 
I,  SI  uA@  Vol.  Voh 


Y0 

j 

£voc 

yT 

2_ 

^A0 

~2 

2 

14 

—  A1 

Y3 

4 

^A2 

Y4 

5 

^A3 

Y5 

Sss 

Y6 

7 

^Y8 

GND 

_8_ 

is 

•»2CS  38869 

TERMINAL  ASSIGNMENT 


Fig.  1  —  Logic  diagram 
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Technical  Data 


CD54/74HC42 
CD54/74HCT42 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE,  (VCc): 


(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  I,K  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  -0  5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT.  lOK  (FOR  V„  <  -0  5  V  OR  Ve  >  Vcc  -0.5V)    -20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  T«  =  -60  to  +85"  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -55  to -100°C  (PACKAGE  TYPE  F.H)    500  mW 

For  Ta  =  +100 to  +125°C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  4  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F.  H    -55  to  -125°  C 

PACKAGE  TYPE  E.  M    -40  to- 85°  C 

STORAGE  TEMPERATURE  (T,„)   -65to-150°C 


LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  

Unit  inserted  into  a  PC  Board  (mm  thickness  116  in  .  1  59  mm) 

with  solder  contacting  lead  tips  only     

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


-265°C 
-300°  C 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:" 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°C 

Input  Rise  and  Fall  Times  t„  t, 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

otherwise  specified,  all  voltages  are  referenced  to  Ground. 

TRUTH  TABLE 


Inputs 

Outputs 

A3 

A2 

A1 

AO 

Y0 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L  =  Low  Voltage  Level 
H  =  High  Voltage  Level 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC42/CD54HC42 

CD74HCT42/CD54HCT42 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mfn 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  V,H 



2 

1.5 

— 

— 

1.5 

— 

1.5 

— 

4.5 
to 
5.5 

2 

- 

- 

2 

- 

2 

- 

V 

4.5 

3.15 

— 

3.15 

— 

3.15 

— 

6 

4.2 

— 

4.2 

— 

42 

Low- Level 

Input  Voltage  V,L 

2 

— 

— 

0  5 

— 

0.5 

— 

0.5 

4.5 
10 

5.5 

- 

- 

08 

08 

- 

08 

V 

4,5 

— 

— 

1.35 

— 

1  35 

— 

1.35 

6 

— 

1.8 

— 

1.8 

— 

1.8 

High -Level 
Output  Voltage  VOH 
CMOS  Loads 

% 
or 

vfH 

-0.02 

2 

1.9 

— 

— 

19 

1.9 

— 

v,L 

or 

v,„ 

4.5 

4.4 

- 

- 

4.4 

- 

44 

- 

V 

4.5 

4.4 

— 

— 

4.4 

— 

4.4 

— 

6 

59 

— 

— 

5.9 

— 

59 

— 

TTL  Loads 

V,i 
or 

VlH 

vlt 

or 

v,„ 

4.5 

3.98 

- 

- 

3.84 

- 

37 

- 

V 

-4 

45 

3.98 

- 

- 

3.84 

- 

3.7 

- 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  VOL 
CMOS  Loads 

V,L 
or 
V,H 

0.02 

2 

0.1 

0.1 

0.1 

Vii 

or 

v,„ 

4  5 

- 

- 

0.1 

- 

0  1 

- 

0  1 

V 

4.5 

- 

- 

0.1 

- 

0  1 

- 

0.1 

6 

0.1 

0.1 

0  1 

TTL  Loads 

VIL 

or 

V,H 

v,t 

or 

v,„ 

4.5 

- 

- 

026 

- 

0.33 

- 

0.4 

V 

4 

4.5 

0.26 

033 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage. 
Current  1, 

Vcc 

or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

+0.1 

+1 

±1 

fA 

Quiescent 
Device 

Current  \cc 

VCc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 

or 
Gnd 

5.5 

8 

80 

160 

+*A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load        A  lCc* 

Vcc-2.1 

45 
to 

5.5 

100 

360 

450 

490 

"For  dual-supply  systems  theoretical  worst  case  (V(  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

ALL 

1 

'Unit  Load  is  Alcc  limit  specified  in  Static  Characteristic  Chart, 
e.g.,  360 max.  @  25°C. 


102 


 Technical  Data 

CD54/74HC42 
CD54/74HCT42 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 
(PF) 

SYMBOL 

TYPICAL 

UNITS 

54/74HC 

54/74HCT 

Any  Input  lo^ 

15 

tpHLi  tpLH 

12 

14 

ns 

Power  Dissipation  Capacitance* 

CpD 

65 

70 

pF 

Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 

Pd  -  Vcc2  f,  (Cpd  +  CL)  where: 

t,  =  input  frequency. 

CL  =  output  load  capacitance. 

Vcc  =  supply  voltage. 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°  C  to +85°  C 

-55°CtO  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

150 

190 

225 

Any  Input  to  Y 

tpHL 

4.5 

30 

35 

38 

44 

45 

53 

ns 

6 

26 

33 

38 

Output 

tTHL 

2 

75 

95 

110 

Transition  Time 

Wlh 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input 

Capacitance 

c, 

10 

10 

10 

10 

10 

10 

pF 

CD54/74HC73 
CD54/74HCT73 


File  Number  1721 


Dual  J-K  Flip-Flop  with  Reset 
Negative-Edge  Trigger 


98CS-394IT 

FUNCTIONAL  DIAGRAM 


Type  Features: 

■  Hysteresis  on  clock  inputs  for  improved  noise  immunity  and 
increased  input  Rise  and  Fall  times. 

■  Asynchronous  Reset 

■  Complementary  Outputs 

■  Buffered  Inputs 

■  Typical  fm„  =  60MHz  @  l/cc  =  5V,  C  =  15pF,  7„  =  25°C 


The  RCA-CD54/74HC73  and  CD54/74HCT73  utilize  sili- 
con-gate CMOS  technology  to  achieve  operating  speeds 
equivalent  to  LSTTL  parts.  They  exhibit  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits,  together 
with  the  ability  to  drive  10  LSTTL  loads. 
These  flip-flops  have  independent  J,  K,  Reset  and  Clock 
inputs  and  Q  and  Q  outputs.  They  change  state  on  the 
negative-going  transition  of  the  clock  pulse.  Reset  is  ac- 
complished asynchronously  by  a  low-level  input.  This  de- 
vice is  functionally  identical  to  the  HC/HCT  1 07  but  differs 
in  terminal  assignment  and  in  some  parametric  limits. 
The  54HCT/74HCT  logic  family  is  functionally  as  well  as 
pin-compatible  with  the  standard  54LS/74LS  logic  family. 
The  CD54HC73  and  CD54HCT73  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC73  and  CD74HCT73  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface-mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85 °C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
m  CD54HCICD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  N,L  =  30%,  Nm  =  30%  of  VCc, 
@  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

=  0.8  V  Max.,  VIH  =  2V  Min. 
CMOS  Input  Compatibility  /,  <  7  /jA  @  Vol,  Voh 


9JCS-39250 


TRUTH  TABLE 
(EACH  FLIP-FLOP) 


INPUTS 

OUTPUTS 

"R       CP       J  K 

O  0 

L         X        X  X 
H                   L  L 
H       ^       H  L 
H       ^       L  H 
H       ^       H  H 
H         H         X  X 

L  H 
No  change 
H  L 
L  H 
Toggle 
No  change 

Fig.  1  -  Logic  diagram. 


H  =  High  Level  (Steady  State) 
L  =  Low  Level  (Steady  State) 
X  =  Irrelevant 

~\_  =  High-to-Low  transition 
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Technical  Data 


CD54/74HC73 
CD54/74HCT73 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLT  AGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  Ik  (FOR  V,  <-0.5  V  OR  V,  >  Vcc  +  0.5  V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  U  (FOR  Vo  <  -0.5  V  or  Vo  >  Vcc  +0.5  V)   ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5V  <  Vo  <  Vcc  +  0.5  V)  ±  25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  TA  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (TA): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E.  M   -40to+85°C 

STORAGE  TEMPERATURE  (T,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  +  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°C 

CL 


•-On 


:  -<h, 


T 

CL 


-*>-i>- 


H> 


-0-0° 


92CM-3923I 


Fig.  2  -  Flip-Flop  detail. 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5  5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 
CD74  Types 
CD54  Types 

-40 

-55 

+85 
+  125 

°c 

Input  Rise  and  Fall  Times  t„  tff 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

•Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
tApplicable  for  all  inputs  except  clock. 
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Technical  Data 


CD54/74HC73 
CD54/74HCT73 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC73,  CD54HC73 

CD74HCT73,  CD54HCT73 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

Vi 
V 

lo 
mA 

Vcc 
V 

+25°C 

-40/ 
+85°C 

-55/ 
+125°C 

Vi 
V 

Vcc 
V 

+25°C 

-40/ 
+85°C 

-55/ 
+125°C 

Mtn 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  Vm 

2 

1.5 

1.5 

1.5 

- 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  V,L 

2 

0.5 

0.5 

0.5 

4.5 
to 

5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1  35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  V0m 
CMOS  Loads 

V|L 

or 

V,H 

-0.02 

2 

1.9 

1.9 

1.9 

VlL 

or 
V,H 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

44 

4.4 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

TTL  Loads 

V|L 

or 
V,„ 

V|L 

or 

Vim 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low- Level 

Output  Voltage  Vol 
CMOS  Loads 

V|L 

or 
v,„ 

0.02 

2 

0.1 

0.1 

0.1 

V|L 

or 
V,„ 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,L 

or 
V,„ 

V|L 

or 
V,„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

026 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
& 

Gnd 

5.5 

±0.1 

±1 

±1 

<rA 

Quiescent 
Device 

Current  lCc 

Vcc 
or 
Gnd 

0 

6 

4 

40 

80 

Vcc 
or 
Gnd 

5.5 

4 

40 

80 

//A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 

Vcc  -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

/rA 

•  For  dual-supply  systems  theoretical  worst  case  ( Vi  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

0.3 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  (/A  max.  @  25°C. 
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Technical  Data 


CD54/74HC73 
CD54/74HCT73 


SWITCHING  CHARACTERISTICS  (Vcc=5  V,  TA=25°C,  Input  t„  t,=6  ns) 


CHARACTERISTIC 

SYMBOL 

Cl 
(PF) 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay 
CPtoQ 

tpLH 
tpHL 

15 

13 

16 

ns 

CPtoQ 

13 

15 

ns 

R  to  Q,  G 

12 

14 

ns 

CP  Frequency 

ffna* 

15 

60 

60 

MHz 

Power  Dissipation  Capacitance* 

Cpd 

28 

I  1 

28 

PF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  flip-flop. 
Pd  =  Cpd  VCc2fi  +  I  CLVCc2fo  where  fi  =  input  frequency,  fo  =  output  frequency, 

Cl  =  output  load  capacitance,  VCc  =  supply  voltage. 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25 

>C 

-40°C  to  +85°C 

-55°C  to 

+125 

°c 

CHARACTERISTIC 

CONDITION 

Vco 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Pulse  Width 

tw 

2 

80 

100 

120 

CP 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 

17 

20 

2 

80 

100 

120 

R 

4.5 

16 

18 

20 

23 

24 

27 

ns 

6 

14 

17 

20 

Set-up  Time 

tsu 

2 

80 

100 

120 

J,  K  to  CP 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 

17 

20 

Hold  Time 

tH 

2 

3 

3 

3 

J,  KtoCP 

4.5 
6 

3 
3 

3 

3 
3 

3 

3 
3 

3 

ns 

Removal  Time 

tflEM 

2 

80 

100 

120 

4.5 

16 

12 

20 

15 

24 

18 

ns 

6 

14 

17 

20 

CP  Frequency 

f  MAX 

2 

6 

5 

4 

4.5 

30 

30 

25 

25 

20 

20 

MHz 

6 

35 

29 

23 

1CP 

i 

M 

1J 

Tr 

_2 

il 

10 

IK 

± 

ii 

10 

V'CC 

_4 

11 

GND 

2CP 

_5 

j£ 

2K 

w 

6 

9 

20 

2J 

_7_ 

_8_ 

20 

TERMINAL  ASSIGNMENT 


SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  = 


LIMITS 

TEST 

25 

-40°C  to  +85°C 

-55°C  to 

-125 

°C 

CHARACTERISTIC 

CONDITION 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min. 

Max. 

Min. 

Max 

Min. 

Max 

Min. 

Max 

Min. 

Max 

Min. 

Max. 

Propagation  Delay 

2 

— 

160 

— 

— 

— 

200 

— 

— 

240 

— 

tpLH,  tpHL 

4.5 

— 

32 

— 

38 

— 

40 

— 

48 

— 

48 

— 

57 

ns 

CPto  Q 

6 

— 

28 

— 

34 

— 

41 

— 

— 

2 

- 

160 

200 

— 

240 

- 

- 

CPtoQ 

4.5 

oZ 

ob 

40 

45 

48 

54 

ns 

6 

28 

34 

41 

"R  to  Q,  Q" 

2 

145 

180 

220 

4.5 

29 

34 

36 

43 

44 

51 

ns 

6 

25 

31 

38 

Output  Transition 

2 

75 

95 

110 

Time                 tTi.H,  Ithl 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance  Ci 

10 

10 

10 

10 

10 

10 

PF 

90*  nf5  NT  LEVEL 


o  ortt 


-H      |*-'PLH  |  *—  'PHL 

-H  h-'TLH        -H  r-'THL 


u  >  /  LEVEL 

*-'p 


92CS- 39232 


INPUT 

"level 

 6ND 


92CS-39233 


/~  level 

/   GND 


92CS-39234 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  3  -  Transition  times,  propagation  delay  times,  and  setup  and  hold  times. 


108 


Technical  Data 


File  Number  1476 


CD54/74HC74 
CD54/74HCT74 


CLOCK  - 
SET  — 


CLOCK  - 
5ET  - 


F/F-2 


FUNCTIONAL  DIAGRAM 


Dual  D  Flip-Flop  with  Set  and  Reset 


Type  Features: 

■  Hysteresis  on  clock  inputs  lor  improved  noise  immu- 
nity and  increased  input  Rise  and  Fall  times. 

■  Asynchronous  Set  and  Reset 
m  Complementary  Outputs 

m  Buffered  Inputs 

•  Typical  fm„  =  50  MHz  @  Vcc  =  51/,  CL  =  75  pF,  TA  =  25°C 


The  RCA-CD54/74HC74andCD54/74HCT74  utilize  silicon- 
gate  CMOS  technology  to  achieve  operating  speeds  equi- 
valent to  LSTTL  parts.  They  exhibit  the  low  power  con- 
sumption of  standard  CMOS  integrated  circuits,  together 
with  the  ability  to  drive  10  LSTTL  Loads. 

This  flip-flop  has  independent  DATA,  SET,  RESET  and 
CLOCK  inputs  and  Q  and  Q  outputs.  The  logic  level  present 
at  the  data  input  is  transferred  to  the  output  during  the 
positive-going  Iransition  of  the  clock  pulse.  SET  and 
RESET  are  independent  of  the  clock  and  are  accomplished 
by  a  low  level  at  the  appropriate  input. 
The  54HCT/74HCT  logic  family  is  functionally  as  well  as  pin 
compatible  with  the  standard  54LS/74LS  logic  family. 
The  CD54HC74  and  CD54HCT74  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC74  and  CD74HCT74  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


CL  CL 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +  85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

m  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

Nil  =  30%,  N,H=  30%  of  Vca  @  Vcc= 

■  CD54HC  TICD74HC  T  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,l  =  0.8  VMax.,  VIH  =  2  V  Min. 
CMOS  Input  Compatibility 

l,&1»A@  Vol  Voh 


5V 


INPUTS 

OUTPUTS 

SET        RESET         CP  D 

Q  o" 

L                H                X  X 

H  L 

H                L                X  X 
L                L                X  X 
H              H  H 
H               H              ^-  L 
H              H              L  X 

L  H 
H-  H" 
H  L 
L  H 
Q0  QO 

Fig.  1  —  Logic  Diagram 


H  =  High  Level  (Steady  State) 
L  =  Low  Level  (Steady  State) 
X  =  Don't  Care 

s~  =  Transition  from  Low  to  High  level 

NOTES:  QO  —  the  level  of  Q  before  the  indicated  input 
conditions  were  established. 

*This  configuration  is  nonstable,  that  is,  it  will  not  persist  when  set 
and  reset  inputs  return  to  their  inactive  (high)  level. 


Technical  Data 


CD54/74HC74 
CD54/74HCT74 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  |K  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V0  <  -0.5  V  OR  VD  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  ♦  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  =  -40  to  ♦60°  C  (PACKAGE  TYPE  E)    500  mW 

ForT.  =  +60  to +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  »  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T»  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  T«  =  +70  to  +125°  C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (TA): 

PACKAGE  TYPE  F,  H   -55  to +1 25°  C 

PACKAGE  TYPE  E,  M    -40  to +85°  C 

STORAGE  TEMPERATURE  (T,,,,)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  —  Full  Package  Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,„,  Vou, 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

•c 

Input  Rise  and  Fall  Times  t„  t> 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
•Applicable  for  all  inputs  except  clock. 


,r-L 

^vcc 

,0-2- 

i£i 

-!^2S 

,5-5- 

-5-20 

GN0  •—— 

-?-20 

92CS 

36964 

TERMINAL  ASSIGNMENT 
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-Technical  Data 


CD54/74HC74 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC74/CD54HC74 

CD74HCT74/C054HCT74 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

■o 
fllA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦  125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
♦85°  C 

-SS/ 
♦125° C 

Min 

Typ 

Mai 

Min 

Max 

Min 

Max 

Min 

Typ 

Mai 

Min 

Mai 

Min 

Mai 

High-Level 

Input  Voltage  V,„ 

2 

15 

- 

- 

1.5 

1  5 

- 

- 

45 
lo 

55 

2 

2 

2 

V 

4.5 

3  15 

- 

- 

3  15 

- 

3  15 

- 

6 

42 

- 

- 

42 

- 

42 

- 

Low-Level 

Input  Voltage  V„ 

2 

- 

- 

0.5 

- 

0.5 

- 

0.5 

- 

4.5 
to 
55 

08 

08 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

18 

1.8 

High-Level 
Output  Voltage  VL)H 
CMOS  Loads 

v,t 

or 

V,„ 

-0.02 

2 

1.9 

1  9 

1  9 

V,. 
or 
V,„ 

4.5 

44 

44 

4.4 

V 

4.5 

4.4 

4  4 

4  4 

6 

59 

- 

59 

- 

59 

- 

-  TTL  Loads 

v„ 

or 

VIN 

v» 
or 
v,„ 

4.5 

3  98 

384 

37 

V 

-4 

45 

3  98 

3  84 

3  7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  V,„ 
CMOS  Loads 

v„ 

or 

V,„ 

0  02 

2 

0  1 

0  1 

0  1 

v„ 

or 
V„ 

4.5 

0  1 

0  1 

0  1 

V 

45 

01 

0  1 

0  1 

6 

0.1 

0  1 

0  1 

TTL  Loads 

v„ 

or 

V,„ 

v„ 

or 

v„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

45 

026 

033 

04 

52 

6 

026 

033 

04 

Input  Leakage 
Current  1, 

VC,. 

or 
Gnd 

6 

♦0.1 

+1 

11 

Any 
Voltage 
Between 
Vcc 
&  Gnd 

5  5 

;0  1 

±1 

±1 

„A 

Quiescent 
Oevice 

Current  lct 

VCr 

or 
Gnd 

0 

6 

4 

40 

80 

Vcc 
or 
Gnd 

55 

4 

40 

80 

«A 

Additional 

Quiescent 

Oevice  Current 

per  input  pin: 

1  unit  load        A  Ice* 

Vcr-2  1 

45 
to 

5.5 

100 

360 

450 

490 

UA 

•For  dual-supply  systems  theoretical  worst  < 


>  (V,  =  2.4  V.  Vcc  ■  5.5  V)  specification  is  1 .8  mA. 
HCT  Input  Loading  Table 


Input 

Unit  Loads* 

D 

0.5 

R 

0.5 

CP 

0.7 

S 

0  75 

;ified  in  Static  Characteristic  Chart, 
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Technical  Data 


CD54/74HC74 
CD54/74HCT74 

SWITCHING  CHARACTERISTICS  (V<;c  =  5  V,  Ta  =  25°C,  Input  tr,t(  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

cL 

(pF) 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay 
CP  to  Q,  Q  (Fig.  2) 

tpLH 
tpHL 

15 

14 

14 

ns 

RtoQ,  Q  (Fig.  3) 

17 

17 

S  to  Q,  Q  (Fig.  3) 

17 

17 

CP  Frequency 

f  MAX 

15 

50 

50 

MHz 

Power  Dissipation  Capacitance' 

Cpp 

25 

30 

PF 

'Cro  is  used  to  determine  the  dynamic  power  consumption,  per  flip-flop. 
PD  =  Cro  Vcc2  fi  +  I  (Cl  Vcc2  ft.)  where:  fi  =  input  frequency 

f0  =  output  frequency 
Cl  =  output  load  capacitance 
Vcc  =  supply  voltage 

PRE  REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25°  C 

-40°Clo  +85° 

C 

-55° C to  +125° C 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Vcc (V) 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Data  to  CP  tsu 

2 

60 

75 

90 

Set-up  Time 

4.5 

12 

12 

15 

15 

18 

18 

(Fig.  4) 

6 

10 

13 

15 

Hold  Time  tH 

2 

3 

3 

3 

4.5 

3 

3 

3 

3 

3 

3 

(Fig.  4) 

6 

3 

3 

3 

ns 

Removal  Time  Ipem 

2 

30 

40 

45 

R.  S  to  CP 

4.5 

6 

6 

8 

8 

9 

9 

(Fig.  3) 

6 

5 

7 

8 

Pulse  Width  tw 

2 

80 

100 

120 

R.S 

4.5 

16 

16 

20 

20 

24 

24 

(Figs.  2,  3) 

6 

14 

17 

20 

Pulse  Width  tw 

2 

80 

100 

120 

CP 

4.5 

16 

18 

20 

23 

24 

27 

(Figs.  2,3) 

6 

14 

17 

20 

CP  Frequency  Tmax 

2 

6 

5 

4 

4.5 

30 

25 

25 

20 

20 

16 

MHz 

6 

35 

29 

23 

SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„t,  =  6  ns) 


LIMITS 

CHARACTERISTIC 

vcc 

(V) 

25°  C 

3°C  U 

?+85c 

C 

-55°CtO 

+125° C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

175 

220 

265 

CP  to  Q,  Q 

tpHL 

4.5 

35 

35 

44 

44 

53 

53 

(Fig-  2) 

6 

30 

37 

45 

ns 

R,  S  to  Q,  Q 

tpHL 

2 

200 

250 

300 

(Fig.  3) 

tpLH 

4.5 
6 

40 
34 

40 

50 
43 

50 

60 
51 

60 

Transition  Times 

tTLH 

2 

75 

95 

110 

t-THL 

4.5 

15 

15 

19 

19 

22 

22 

(Fig.  5) 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 
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.  Technical  Data 


CD54/74HC74 
CD54/74HCT74 


INPUT  LEVEL 
GNO 


—  j        I— t 


9  2CS-36968 


Fig.  2  —  Clock  pre-requisite  and  propagation  delays. 


Fig.  3  —  Reset  or  Set  pre-requisite  and  propagation  delays 


INPUT  LEVEL 
GNO 

INPUT  LEVEL  t 


92CS- 36969 

Fig.  4  —  Data  pre-requisite  times. 


t90%  90% 


Q  OR  0 

 10%  i 


"'TLH 


92CS-36970 


Fig.  5  —  Output  transition  times. 


54/74HC 

54/74HCT 

INPUT  LEVEL 

Vcc 

3V 

50%VCC 

1  3V 
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Technical  Data 


CD54/74HC75 
CD54/74HCT75 


File  Number  1666 


2(6) 

1  OF  2 
LATCHES 

16(10) 



3,7) 

1(11) 

14<8) 

«(») 

-CO 

-56 
-Q1 


Dual  2-Bit  Bistable  Transparent 
Latch 


Type  Features: 

■  True  and  Complementary  Outputs 

■  Buffered  Inputs  and  Outputs 


92CS-3S5S2 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC75  and  CD54/74HCT75  are  dual  2-bit 
bistable  transparent  latches.  Each  one  of  the  2-bit  latches  is 
controlled  by  separate  Enable  inputs  (TITand  2E)  which  are 
active  LOW.  When  the  Enable  input  is  HIGH  data  enters  the 
latch  and  appears  at  the  Q  output.  When  the  Enable  input 
(1E  and  2E)  is  LOW  the  output  is  not  affected. 

The  CD54HC/HCT75  are  supplied  in  16-lead  hermetic  dual- 
in-line  packages  (F  suffix).  The  CD74HC/HCT75  are  sup- 
plied in  16-lead  dual-in-line  plastic  package  (E  suffix)  and 
in  16-lead  dual-in-line  surface  mount  plastic  packages  (M 
suffix).  Both  types  are  also  available  in  chip  form 
(H  suffix). 


2(6) 


13(4) 

eO—O- 


s 

Ovcc 

12 

O  GND 


LATCH  1 


16(10) 
-O  OQO 


^  1<11>_ 

L-0— [>— OQO 

1 4(8)  _ 

rO-O— 001 


15(9) 
 OQ1 


92CS-38553 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT/:  —40  to  +  85°C 

■  Balanced  Propagation  delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noice  Immunity:  Nil  =  30%,  Nm  =  30%  of  Vcc; 
@Vcc=5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,l  =0.8V  Max.,  V,H=2V  Min. 
CMOS  Input  Compatibility 

I,  <1uA@  Vol  Voh 


LE 

1 

LE 

1 

P 

P 

N 

N 

1 

LE 

1  1 
Q  LE 

Fig.  1  -  Logic  Diagram 


Fig.  2  -  Latch  Detail 


 Technical  Data 

CD54/74HC75 
CD54/74HCT75 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  *  7  V 

DC  INPUT  DIODE  CURRENT,  Iik  (FOR  Vi  <-0.5  V  OR  Vi>  Vcc +0.5V)    i  20  mA 

DC  OUTPUT  DIODE  CURRENT.  Ion  (FOR  Vo  <  -0.5  OR  Vo  >  Vcc  +0.5  V)   ±  20  mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo <  Vcc  +0.5  V)    +  25  mA 

DC  Vcc  OR  GROUND  CURRENT  (he):    1  50  mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  Ta  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  = -55  to +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  Ta  =  +100  to  +  125°C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -40  to  +70°  C  (PACKAGE  TYPE  M)  400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING  -TEMPERATURE  RANGE  (Ta). 

PACKAGE  TYPE  F,  H    -55to+125°C 

PACKAGE  TYPE  E.  M    -40  to* 85° C 

STORAGE  TEMPERATURE  (Tsig)    -65  +150° C 

LEAD  TEMPERATUARE  (DURING  SOLDERING): 

At  distance  1/16  i  1/32  in.  (1.59  +  0.79  mm)  trom  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in. ,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the  following 
ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 



Supply-Voltage  Range  (For  Ta  =  Full  Package-Temperature  Range)  Vcc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage  V,  Vo 

0 

V 

V 

Operating  Temperature  Ta: 
CD74  Types 
CD54  Types 

-40 

-55 

+85 
+  125 

°C 

input  Rise  and  Fall  Times  t„  tf 

at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


TRUTH  TABLE 


Inputs 

Outputs 

D  E 

O  Q 

L  H 
H  H 
X  L 

L  H 
H  L 
Q0  Q0 

TERMINAL  ASSIGNMENT 


H  =  High  Level 
L  =  Low  Level 
X  =  Don't  Care 

Q0  =  The  level  of  Q  before  the  transition  of  B. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC75/CD54HC75 

CD74HCT75/CD54HCT75 

TEST 

74HC/S4HC 

74HC 

54HC 

TEST 

74HCT/54HCT 

74HCT 

54HCT 

CHARACTERISTIC 

CONDITIONS 

TYPES 

TYPES 

TYPES 

CONDITIONS 

TYPES 

TYPES 

TYPES 

UNITS 

lo 

Vcc 

25°  C 

-40/ 
+  85°  C 

-55/ 
+  125°C 

"l 

Vcc 

25°  C 

-40/ 

♦  85°  C 

-55/ 
+  125°C 

V 

mA 

y 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

V 

V 

Typ 

Min 

Mm 

Min 

Max 

High-Level 

2 

1  5 

— 

— 

1.5 

— 

1.5 

— 

Input  Voltage  Vih 

4.5 

— 

— 

3.15 

— 

3.15 

— 

2 

2 

- 

2 

- 

6 

4.2 

- 

- 

4  2 

- 

4  2 

- 

5.5 

V 

Low-Level 

2 

- 

0.5 

- 

0.5 

- 

0.5 

4.5 

Input  Voltage  Vil 

45 

- 

1.35 

- 

1.35 

- 

1.35 

to 

0  8 

- 

0.8 

- 

0.8 

V 

6 

- 

1.8 

- 

1.8 

- 

1.8 

5.5 

High-Level 

Vil 

2 

1.9 

- 

- 

1.9 

- 

1.9 

Vil 

Output  Voltage  Voh 

or 

-0.02 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

or 

4.5 

4.4 

4.4 

- 

4.4 

- 

V 

CMOS  Loads 

Vih 

6 

5.9 

59 

5.9 

Vih 

Vil 

- 

- 

Vil 

TTL  Loads 

or 

4.5 

3.98 

- 

- 

3.84 

- 

3.7 

- 

or 

4.5 

3.98 

3  84 

- 

3.7 

- 

V 

VIH 

-5.2 

6 

548 

- 

- 

5.34 

- 

52 

- 

Vih 

Low-Level 

Vil 

2 

- 

— 

0.1 

— 

0.1 

— 

0.1 

Vil 

Output  Voltage  Vol 

or 

0.02 

4.5 

0.1 

0.1 

— 

0.1 

or 

4.5 

0  l 

0.1 

— 

0.1 

V 

CMOS  Loads 

Vih 

6 

0.1 

0.1 

0.1 

TTL  Loads 

4,5 

0.26 

0.33 

0.4 

or 

4.5 

0  26 

0.33 

04 

V 

Vih 

5  2 

6 

- 

026 

0.33 

0.4 

Vih 

Input  Leakage 
Current  h 

Vcc 
or 

6 

♦0.1 

±1 

+1 

Any 
Voltage 
Between 

Vcc 
& 

Gnd 

55 

*0.1 

+1 

+  1 

Gnd 

JJA 

 1  

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

4 

40 

80 

or 

5.5 

4 

40 

80 

JiA 

Current  Ice 

Gnd 

Gnd 

Additional  quiescent 
Device  Current 
per  input  pin: 
1  unit  load  Alec" 

Vcc-2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

JiA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  •  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

DO,  D1 
IE",  2E~ 

0.8 
1.2 

'Unit  load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  £iA  max.  @  25° C. 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25° C,  Input  t„  t.  =  6ns) 


CHARACTERISTIC 

p 

CL, 

SYMBOL 

TYPICAL 

UNITS 

(PF) 

HC75 

HCT75 

Propagation  Delay                 D  to  Q 

15 

tPLH 

9 

11 

ns 

D  to  Q 

15 

10 

11 

ns 

Enable  to  Q 

15 

tpHL 

10 

11 

ns 

Enable  to  7J 

15 

11 

12 

ns 

Power  Dissipation  Capacitance* 

Cpd 

46 

46 

PF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption  per  latch. 
PD  =  Vcc2  fi  (Cpd  +  CO 
fi  =  Input  Frequency 
Cl  =  Load  Capacitance 
Vcc  =  Supply  Voltage 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


CHARACTERISTIC 

TEST 
CONDITION 

Vcc 
V 

LIMITS 

UNITS 

25°  C 

-40°Cto  +  85°C 

-55°Cto  +  125°  C 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Pulse  Width 
Enable  Input 

tw 

2 

4.5 
6 

80 
16 
14 

16 

100 
20 
17 

20 

120 
24 
20 

24 

ns 

Setup  Time 
D  to  Enable 

tsu 

2 

4.5 
6 

60 
12 
10 

12 

75 
15 
13 

15 

90 
18 
15 

18 

ns 

Hold  Time 

th 

2 

3 

3 

3 

Enable  to  D 

4.5 

3 

3 

3 

3 

3 

3 

ns 

6 

3 

3 

3 

Technical  Data . 


CD54/74HC75 
CD54/74HCT75 

SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t,  ti=  6  ns) 


25 

°C 

-40°  C  to +  85 

°C 

-55°Cto  +  125°C 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

CHARACTERISTIC 

SYMBOL 

Vcc 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max 

Min. 

Max 

Propagation  Delay 

tPLH 

2 

— 

110 

- 

- 

— 

140 

- 

— 

165 

— 

Data  to  Q 

tPHL 

4.5 

22 

28 

28 

35 

33 

42 

ns 

6 

19 

24 

28 

Propagation  Delay 

tPLH 

2 

130 

165 

195 

Data  to  Q 

tPHL 

4.5 

26 

28 

33 

35 

39 

42 

ns 

6 

22 

28 

33 

Propagation  Delay 

tPLH 

2 

130 

165 

195 

Enable  to  Q 

tPHL 

4.5 

26 

28 

33 

35 

39 

42 

ns 

6 

22 

28 

33 

Propagation  Delay 

tPLH 

2 

130 

165 

195 

Enable  to  Q" 

tPHL 

4.5 

26 

30 

33 

38 

39 

45 

ns 

6 

22 

28 

33 

Output  Transition 

Itlh 

2 

75 

95 

110 

Time 

tlHL 

4.5 
6 

15 
13 

15 

19 
16 

19 

22 
19 

22 

ns 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

vs  Jgo^  ""1 

 3!10%  V, 


ANY 
OUTPUT 


|»'TLH      -—\  — -«THL 

/lo%  \ 

 #10%  \  


ENABLE 

<PLH  — 


\  / 


<PHL-» 
Q 


C'PHL 
_ 
h"-  'PLH 

Jr- 


TV 


92CS-38558 


92CS-38e57Rl 


54/74HC 

54/74HCT 

Input  Level 

VCC 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 
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Technical  Data 


File  Number  1770 


CD54/74HC85 
CD54/74HCT85 


High-Speed  CMOS  Logic 


4-Bit  Magnitude  Comparator 


Type  Features: 

■  Buffered  inputs  and  outputs 

■  Typical  propagation  delay  =  13  ns  (Data  to  Output) 
@  Vcc  =  5V,  Cl  =15  pF,  7a  =  25°C 

■  Serial  or  Parallel  expansion  without  external  gating. 


9ZCS-39B4T 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC/HCT85  are  high-speed  magnitude 
comparators  that  use  silicon-gate  CMOS  technology  to 
achieve  operating  speeds  similar  to  LSTTL  with  the  low 
power  consumption  of  standard  CMOS  integrated  circuits. 
These  4-bit  devices  compare  two  binary,  BCD,  or  other 
monotonic  codes  and  present  the  three  possible  magnitude 
results  at  the  outputs  (A  >  B,  A  <  B,  and  A  =  B).  The  4-bit 
input  words  are  weighted  (AO  to  A3  and  BO  to  B3),  where  A3 
and  B3  are  the  most  significant  bits. 
The  HC/HCT85  are  expandable  without  external  gating,  in 
both  serial  and  parallel  fashion.  The  upper  part  of  the  truth 
table  indicates  operation  using  a  single  device  or  devices  in 
a  serially-expanded  application.  The  parallel  expansion 
scheme  is  described  by  the  last  three  entries  in  the  truth 
table.  Circuits  for  serial  and  parallel  comparison  of  12  bits 
are  shown  in  figures  3  and  4,  respectively. 

The  CD54HC/HCT85  are  supplied  in  16-lead  ceramic  dual- 
in-line  packages  (F  suffix).  The  CD74HC/HCT85  are  sup- 
plied in  1 6-lead  dual-in-line  plastic  packages  (E  suffix)  and 
in  16-lead  dual-in-line  surface  mount  plastic  packages  (M 
suffix).  Both  types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT/HCU:  -40  to  +85°C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity: 

Nil  =  30%,  A/,H  =  30%  of  Vcc,  @Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  Max.,  VM  =  2V  Min. 

CMOS  Input  Compatibility  /,,  <  1  fjA  @  Vol,  V0h 


63— ! 

(A<B)IN  

^-A3 

(A=  B)IN  

(A  >  B)IN   - 

15-  A2 

(A>B)OUT  

—  A1 

(A=B)OUT  

—  AO 

(A<B)OUT   - 

GND  

J^BO 

92CS- 39848 

TERMINAL  ASSIGNMENT 
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Technical  Data- 


CD54/74HC85 
CD54/74HCT85 


)  ±50mA 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  In  (FOR  V,  <-0.5  V  OR  V,  >  Vcc  +  0.5  V)   +20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V0  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   +20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V0  <  Vcc  +  0.5  V)  ±25mA 

DC  Vcc  OR  GROUND  CURRENT  ( 
POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  TA  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta)' 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°C 

STORAGE  TEMPERATURE  (T.„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  +  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°C 


□  ^^"{^H^-O'*  *  B)out 


(A=B)inO— £>> 


(A  <  B)ln 


Z^>-£>-'{>— 6  (A  >  B)out 


92CL-39835R1 


Fig.  1  -  Logic  diagram 


 Technical  Data 

CD54/74HC85 
CD54/74HCT85 


TRUTH  TABLE 


Comparing  Inputs 

Cascading  Inputs 

Outputs 

A2,  B2 

A1,  B1 

AO,  BO 

A  >  B 

A  <  B 

A  =  B 

A3,  B3 

A  >  B 

A  <  B 

A  =  B 

A3>  B3 

X 

X 

X 

X 

X 

X 

H 

L 

L 

> 

A3<B3 

X 

X 

X 

X 

X 

X 

L 

H 

L 

A3  =  B3 

A2  >  B2 

X 

X 

X 

X 

X 

H 

L 

L 

J 

A3  =  B3 

A2<  B2 

X 

X 

X 

X 

X 

L 

H 

L 

A3  =  B3 

A2  =  B2 

A1  >B1 

X 

X 

X 

X 

H 

L 

L 

(       single  device 

A3  =  B3 

A2  =  B2 

A1  <B1 

X 

X 

X 

X 

L 

H 

L 

A3  =  B3 

A2  =  B2 

A1  =  B1 

A0>B0 

X 

X 

X 

H 

L 

L 

(     series  cascading 

A3  =  B3 

A2  =  B2 

A1  =  B1 

A0<B0 

X 

X 

X 

L 

H 

L 

A3  =  B3 

A2  =  B2 

A1  =  B1 

A0  =  B0 

H 

L 

L 

H 

L 

L 

A3  =  B3 

A2  =  B2 

A1  =  B1 

AO  =  BO 

L 

H 

L 

L 

H 

L 

/ 

A3  =  B3 

A2  =  B2 

A1  =  B1 

A0  =  B0 

L 

L 

H 

L 

L 

H 

A3  =  B3 

A2  =  B2 

A1  =  B1 

AO  =  BO 

X 

X 

H 

L 

L 

H 

A3  =  B3 

A2  =  B2 

A1  =  B1 

A0  =  B0 

H 

H 

L 

L 

L 

L 

|   parallel  cascading 

A3  =  B3 

A2  =  B2 

A1  =  B1 

A0  =  B0 

L 

L 

L 

H 

H 

L 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  Vi,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„  ti 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data  

CD54/74HC85 
CD54/74HCT85 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC85/CD54HC85 

CD74HCT85/CD54HCT85 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 
mA 

Vcc 
V 

+25°C 

-40/ 
+85-C 

-55/ 
+125<,C 

V, 
V 

Vcc 
V 

+25°C 

-40/ 
+85°C 

-55/ 
+125(,C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V)H 

2 

1.5 





15 

_ 

1.5 



- 

4.5 
to 
5.5 

2 

— 

— 

2 

— 

2 

— 

V 

4.5 

3  15 





3.15 



3.15 



6 

4.2 





4.2 



4.2 



Low-Level 

Input  Voltage  V,L 

2 



_ 

0.5 



0.5 



0.5 

- 

4.5 
to 
5.5 

— 

0.8 

— 

0.8 

— 

0.8 

V 

4.5 

— 

1.35 

1.35 

1.35 

6 

1  8 

1.8 

1.8 

High-Level 

Output  Voltage  Von 
CMOS  Loads 

V,i 
or 

VlH 

-0.02 

2 

1.9 

1.9 

1.9 

Vn. 
or 
V,„ 

4.5 

'.  | 

— 

— 

4.4 

— 

4.4 

— 

V 

4.5 

4.4 

— 

4.4 

— 

4.4 

— 

6 

5.9 

- 

5.9 

5.9 

TTL  Loads 

ViL 

or 

V,„ 

V,L 

or 
v,„ 

4.5 

3.98 

— 

3.84 

— 

3.7 

— 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.43 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Vn. 
or 

V,H 

0.02 

2 

0.1 

0.1 

0.1 

V,L 

or 
V,„ 

4.5 

0.1 

0.1 

V 

4.5 

0.1 

0  1 

0.1 

6 

0.1 

0  1 

0.1 

TTL  Loads 

V|L 

or 

V,H 

Vn 
or 
v,„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 

and 

Gnd 

5.5 

±0.1 

±1 

±1 

/lA 

Quiescent 

Device  Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

*/A 

Additional 
Quiescent  Device 
Current  per 
input  pin: 

1  unit  load  Alec* 

Vcc  -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

•  For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  VCc  =  5.5  V)  specification  is  1.8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

A0-A3,  B0-B3  and  (A=B)  in 

1.5 

(A>B)  in,  (A<B)  in 

1 

'Unit  Load  is  AICc  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 //A  max.  @  25°C. 


Technical  Data 


CD54/74HC85 
CD54/74HCT85 


SWITCHING  CHARACTERISTICS  (Voc  =  5  V,  TA  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

CL 
(PF) 

TYPICAL 

UNITS 

54/74HC 

54/74HCT 

Propagation  Delay 
An,  Bn  to  (A>B)out,  (A<B)out 

tpLH 
tpHL 

15 

16 

15 

ns 

An,  Bn  to  (A=B)  out 

14 

 1 

17 

ns 

(A>B)in,(A<B),in  (A=B)in  to 
(A>B)out,(A<B)out 

11 

12 

ns 

(A=B)  in  to  (A=B)out 

9 

13 

ns 

Power  Dissipation  Capacitance* 

CpD 

24 

26 

PF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Po=Vcczfi  (Cpd+Cl)  where:  fi=input  frequency 

CL=output  load  capacitance 
VCc=supply  voltage 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  tr,  t,  =  6  ns) 


TEST 

LIMITS 

CONDITION 

25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Propagation  Delay  tpLH 

2 

195 

245 

295 

An,  Bn  to  (A>B)out,  tPHL 

4.5 

39 

37 

47 

46 

59 

56 

ns 

(A<B)out 

6 

33 

42 

50 

2 

175 

240 

265 

An,  Bn  to 

4.5 

35 

40 

44 

50 

53 

60 

ns 

(A=B)out 

6 

30 

37 

45 

(A>B)in,  (A<B)in, 

2 

140 

175 

210 

(A=B)in  to 

4.5 

28 

30 

35 

38 

42 

45 

ns 

(A>B)out,  (A<B)out 

6 

24 

30 

36 

2 

120 

150 

180 

(A=B)in  to  (A=B)out 

4.5 

24 

31 

30 

39 

36 

47 

ns 

6 

20 

26 

31 

Output  tTLH 

2 

75 

95 

110 

Transition  tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Time 

6 

13 

16 

19 

Input  Ci 

Capacitance 

10 

10 

10 

10 

10 

10 

PF 

Technical  Data 


CD54/74HC85 
CD54/74HCT85 


INPUT  LEVEL 
An,  Bn.  CASCADING 
INPUTS 


OUTPUTS 
A<B,  A>B,  A=B 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Transition  times,  propagation  delay  times 


INPUTS 

B11   

A11   

B10  — 

A10  

89  

AS   


LEAST- 
SIGNIFICANT 
4- BITS 
OF  EACH  WORD 


GND  

<A>  B)ln 

vcc  — 

(A  = 

B)in 

GNO  

(A  <  B)m 

AO  

A1  — 

AO 

A1 

A3  1 

A2 

HC85/ 

A3  ' 

A3 

HCTB5 

BO 

B1   

B1 

G2   

B2 

H3  1 

B3 

(A<B)Out 
(A=  B)out 
(A>  B)out 


[A<  B)in 
(A=B)in 
(A>B)in 


(A=B)in 
(A<B>in 


B1  {A>B)out 
B2  (A=B)out 
B3  (A<B)OuI  ((A 


(A>B)in 
(A=  B)  m 
<B)i* 


MOST- 
SIGNIFICANT 
4- BITS 
OF  EACH  WORD 


A10  - 
A11- 


B1  (A>B)out 
B2  (A=B)out 
B3  (A<B)out  


B6   

B3 

AS  

B5   

A3 

B2  HC/HCT85 

A5  

A2 

B4   

B1     (A  <  B)out 

A4   

A1     (A  =  B)out 

B3   

BO     (A  >  B) out 

A3   

AO 

B2   

(A  <  B)in 

GND  

(A  =  B)in 

A2  

(A  >  B)ln 

B1   

B3 

A1   

BO   

M  HC/HCT85 
B2 

AO  

A2 

B1    (A  <  B (out 

A1   (A  =  B)oul 

3Nd|  

80  (A>B)oul 

AO 

(A  <  B)in 

vcc  

(A=  B»n 

GND   

(A>  B)in 

[A  <  B)Out  - 
(A  =  B)Out  - 
(A>  B)oi 


92CL-39837 


92CM-39836 


Fig.  3  -  Series  cascading  —  comparing  12-bit  words. 


Fig.  4  -  Parallel  cascading  —  comparing  12-bit  words. 
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.  Technical  Data 


File  Number  1644 


CD54/74HC86 
CD54/74HCT86 


High-Speed  CMOS 


FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


2  -  Input  EXCLUSIVE  -  OR  Gate 


Type  Features: 

■  Four  independent  EXCLUSIVE  -  OR  gates 

■  Buffered  inputs  and  outputs 


Applications: 


Logical  comparators 

Parity  generators  and  checkers 

Adders/Subtracters 


The  RCA  CD54/74HC86  and  CD54/74HCT86  contain  four 
independent  EXCLUSIVE-OR  gates  in  one  package.  They 
provide  the  system  designer  with  a  means  for 
implementation  of  the  EXCLUSIVE-OR  function. 

The  CD54HC/HCT86  are  supplied  in  14-lead  cermetic  dual- 
in-line  packages  (F  suffix).  The  CD74HC/HCT86  are  sup- 
plied in  14-lead  plastic  dual-in-line  packages  (E  suffix)  and 
in  14-lead  dual-in-line  surface  mount  plastic  packages  (M 
suffix).  Both  types  are  also  available  in  chip  form  (H 
suffix). 


92CS-38429 

Fig.  1  -  Logic  diagram  each  gate. 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICS 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:  NlL  =  30%,  N,H  =  30%  of  Vcc 
@Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8V  Max.,  VIH  =  2V  Min. 
CMOS  Input  Compatibility 

l,<1fiA@  Vol,  Voh 


TRUTH  TABLE 


INPUTS 

OUTPUT 

nA 

nB 

nY 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

L 

H  =  HIGH  voltage  level. 
L  =  LOW  voltage  level. 


125 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 

DC  SUPPLY- VOLTAGE,  (VCc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT.  U  (FOR  V,  <  -0.5  V  OR  V,  >  VCc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V0  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (lCc):  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  Ta  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  TA  =  +60  to  +85-C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  Ta  =  +100  to  +  125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  T.  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H   -55  to  +  125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°C 

STORAGE  TEMPERATURE  (T„„)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING) : 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+125 

°C 

Input  Rise  and  Fall  Times,  t„  t( 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


Technical  Data 


CD54/74HC86 
CD54/74HCT86 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HCM/CDS4HCM 

CD74HCT86/CDS4HCT86 

UNITS 

TEST 
CONDITIONS 

74HC/S4HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 
IDA 

Vcc 
V 

♦25°  C 

•40/ 
♦S5°C 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦65°  C 

-55/ 
♦125°C 

Mln 

Typ 

Max 

Mln 

Mil 

Mln 

Mm 

Mln 

Typ 

Mm 

Mln 

Mm 

Mln 

Mm 

High -Level 

Input  Voltage  VIH 

2 

1.5 

1.5 

1.5 

4.5 
to 
5  5 

2 

2 

2 

V 

4.5 

3  15 

3  15 

3  15 

6 

4.2 

4.2 

4.2 

Low- Level 

Input  Voltage  V!L 

2 

- 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

08 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1 .8 

1.8 

1 .8 

High- Level 

Output  Voltage  VOM 
OMUb  Loads 

V,L 
or 
V,« 

-0.02 

2 

1.9 

1.9 

1.9 

V,t 
or 

V,M 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4  4 

- 

4.4 

4.4 

6 

5.9 

59 

5.9 

TTL  Loads 

V,L 

or 
V,„ 

V,L 
or 
v,„ 

4.5 

3.98 

- 

3.84 

3.7 

V 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5  48 

5.34 

5  2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 
or 

V,M 

002 

2 

0.1 

0.1 

0.1 

v«. 

or 
V,« 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0  1 

0  1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,L 

or 
V,„ 

V,L 

or 

V,H 

4  5 

0.26 

033 

0.4 

V 

4 

4.5 

0  26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  t, 

Vcc 
or 
Qnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

t0.1 

±1 

±1 

/rA 

Quiescent  Device 
Current  Ice 

Vcc 
or 

Gnd 

0 

6 

2 

20 

40 

Vcc 
or 
Gnd 

5.5 

2 

20 

40 

„A 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

fA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specitication  is  1 .8  m  A. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS  * 

All  Inputs 

1 

*  Unit  load  is  Alcc  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  //A  max.  @  25°C. 


Technical  Data  

CD54/74HC86 
CD54/74HCT86 


SWITCHING  CHARACTERISTICS  (VCc  =  5  V,  Ta  =  25° C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

Cl 
PF 

SYMBOL 

TYPICAL  VALUES 

UNITS 

54/74HC 

54/74HCT 

Propagation  Delay,  Any  Input 

15 

tpLH 
tpHL 

9 

13 

ns 

Power  Dissipation  Capacitance" 

CpD 

22 

27 

PF 

*  Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
Po  =  Vcc2  fi  (Cpd  +  CL)  where: 
f,  =  input  frequency. 
CL  =  output  load  capacitance. 
Vcc  ~  supply  voltage. 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  ti  =  6  ns) 


25 

C 

-40-Cto  +85° 

C 

-55 

°Cto  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

120 

150 

180 

nA,  nB  to  nY 

tpHL 

4.5 

24 

32 

30 

40 

36 

48 

ns 

6 

20 

26 

31 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

l,  =  6n«— j   p-  — |   p- tf  =  6 


92CS-38430R2 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Transition  limes  and  propagation  delay  times. 


Technical  Data 


File  Number  1849 


CD54/74HC93 
CD54/74HCT93 


High-Speed  CMOS  Logic 


4-Bit  Binary  Ripple  Counter 

Type  Features: 

■  Can  be  configured  to  divide  by  2,  8,  and  16 

■  Asynchronous  Master  Reset 


-Q1 
-Q2 
-Q3 


Vcc-5 
GNO'IO 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC93  and  the  CD54/74HCT93  are  high- 
speed silicon-gate  CMOS  devices  and  are  pin-compatible 
with  low  power  Schottky  TTL  (LSTTL).  These  4-bit  binary 
ripple  counters  consist  of  four  master-slave  flip-flops 
internally  connected  to  provide  a  divide-by-two  section  and 
a  divide-by-eight  section.  Each  section  has  a  separate  clock 
input  (CPOand  CP1)to  initiate  state  changes  of  the  counter 
on  the  HI GH-to-LOW  clock  transition.  State  changes  of  the 
Qn  outputs  do  not  occur  simultaneously  because  of  internal 
ripple  delays.  Therefore,  decoded  output  signals  are  subject 
to  decoding  spikes  and  should  not  be  used  for  clocks  or 
strobes. 

A  gated  AND  asynchronous  master  reset  (MR1  and  MR2)  is 
provided  which  overrides  both  clocks  and  resets  (clears)  all 
flip-flops. 

Because  the  output  from  the  divide-by-two  section  is  not 
internally  connected  to  the  succeeding  stages,  the  device 
may  be  operated  in  various  counting  modes. 

In  a  4-bit  ripple  counter  the  output  QO  must  be  connected 
externally  to  input  CP1.  The  input  count  pulses  are  applied 
to  clock  input  CPO.  Simultaneous  frequency  divisions  of  2, 
4,  8,  and  1 6  are  performed  at  the  QO,  Q1 ,  Q2,  and  Q3  outputs 
as  shown  in  the  function  table.  As  a  3-bit  ripple  counter  the 
input  count  pulses  are  applied  to  input  CP1. 

Simultaneous  frequency  divisions  of  2, 4,  and  8  are  available 
at  the  Q1,  Q2,  and  Q3  outputs.  Independent  use  of  the  first 
flip-flop  is  available  if  the  reset  function  coincides  with  the 
reset  of  the  3-bit  ripple-through  counter. 

The  CD54HC93  and  CD54HCT93  are  supplied  in  14-lead 
hermetic  dual-in-line  frit-seal  ceramic  packages  (F  suffix). 
The  CD74HC93  and  CD74HCT93  are  supplied  in  14-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual- 
in-line  surface-mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:  -40  to  +85"  C 

■  Balanced  propagation  delay  and  transition  times 

■  Significant  power  reduction  compared  to  LSTTL 
logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity: 

Nil=30%,  N,H=30%  of  Vcc;  @  Vcc=5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

V,L=0.8  V  max.,  VIH=2  V  min. 
CMOS  input  compatibility 

U<1  nA  @  Vol,  Voh 


C  P  1   

1 

W 

14 

  CPO 

MR1   

2 

13 

  NC 

MR2  

3 

12 

  QO 

NC   

4 

11 

  03 

vcc  

5 

10 

 GND 

NC   

6 

9 

  Q  1 

nc  

7 

e 

  Q2 

TOP 

VIEW 

92CS-40389 

TERMINAL  ASSIGNMENT 


Technical  Data 


CD54/74HC93 
CD54/74HCT93 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  lat  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„<-0.5  V  OR  V„  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  TA  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

ForT»  =  +60  to  +85° C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55  to  +100° C  (PACKAGE  TYPE  F,H)   500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F.H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

ForT,  =  +70  to  +125°  C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F.H   -55  to  +125°C 

PACKAGE  TYPE  E.M  -40  to  +85° C 

STORAGE  TEMPERATURE  (T.w)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


FUNCTION  TABLE 
(Q0  connected  to  CP1) 


COUNT 

OUTPUTS 

00 

Q1 

Q2 

03 

0 

L 

L 

L 

L 

1 

H 

L 

L 

L 

2 

L 

H 

L 

L 

3 

H 

H 

L 

L 

4 

L 

L 

H 

L 

5 

H 

L 

H 

L 

6 

L 

H 

H 

L 

7 

H 

H 

H 

L 

8 

L 

L 

L 

H 

9 

H 

L 

L 

H 

10 

L 

H 

L 

H 

11 

H 

H 

L 

H 

12 

L 

L 

H 

H 

13 

H 

L 

H 

H 

14 

L 

H 

H 

H 

15 

H 

H 

H 

H 

92CM-40388 


MODE  SELECTION 


Fig.  1  -  HC/HCT93  logic  diagram. 


RESET  INPUTS 

OUTPUTS 

MR1 

MR2 

01      I  Q2 

03 

H 

H 

L       I  L 

L 

L 

H 

count 

H 

L 

count 

L 

L 

count 

Or- 


=  HIGH  voltage  level 
:  LOW  voltage  level 


92CM-40386 


Fig.  2  -  Flip-Hop  (0-3)  logic  detail. 
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CD54/74HC93 
CD54/74HCT93 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC93/C054HC93 

CD74HCT93/CD54HCT93 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  Vih 

2 

1.5 

1.5 

1.5 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

- 

4.2 

4.2 

Low-Level 

Input  Voltage  Vil 

2 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  VOH 
CMOS  Loads 

V,L 
V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

V,L 

v,„ 

4.5 

4.4 

— 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

5.9 

5.9 

TTL  Loads 

Vil 
or 
V,„ 

Vil 
or 
Vih 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Vil 
or 
V,h 

0.02 

2 

0.1 

0.1 

0.1 

Vil 

or 

V,H 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

V,L 

or 
V,„ 

Vil 

or 

Vih 

4.5 

0.26 

0.33 

0.4 

V 

TTL  Loads 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 

Current  1, 

Vcc 
or 
Qnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

fA 

Quiescent 

Device  Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

„A 

Additional 

Quiescent  Device 

Current  per  input 

pin:  1  unit  load  Alec* 

Vcc  -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

„A 

'For  dual-supply  systems  theoretical  worst  case  (V,  -  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

CP&.CPi 
MR1,  MR2 

0.6 
0.4 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.  360  /iA  max.  @  25°  C. 
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Technical  Data 


CD54/74HC93 
CD54/74HCT93 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta=FuII  Package  Temperature  Range) 

Vco:' 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vi,  Vo 

0 

Vcc 

V 

Operating  Temperature,  Ta: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times,  t,.tt: 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


SWITCHING  CHARACTERISTICS  (Vcc=5  V,  Ta=25°C,  Input  t„t,=6  ns) 


TYPICAL  VALUES 

CHARACTERISTIC 

Cl  (pF) 

HC 

HCT 

UNITS 

Propagation  Delay: 

CPOto  Q0  Output 

tpLH 
tpHL 

10 

14 

CP1  to  Q3 

15 

21 

24 

ns 

MRn  to  Qn  Output 

13 

13 

Power  Dissipation  Capacitance* 

Cpo 

25 

25 

PF 

*Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  counter. 
Pd  =  Cpd  Vcc2  fi  +  I  Cl  Vcc2  fo  where  f,  =  input  frequency 

fo  =  output  frequency 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage. 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25°  C 

-40°Cto  +85c 

C 

-55°Cto+125°C 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Vcc  (V) 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Maximum  Clock        f max 

2 

6 

5 

4 

Frequency 

4.5 

30 

30 

24 

24 

20 

20 

MHz 

6 

35 

28 

24 

Clock  Pulse  Width  tw 

2 

80 

100 

120 

CPO,  CP1 

4.5 

16 

16 

20 

20 

24 

24 

6 

14 

17 

20 

Reset  Pulse  Width  tw 

2 

80 

100 

120 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 

17 

20 

Reset  Removal  Time  tREu 

2 

50 

65 

75 

4.5 

10 

10 

13 

13 

15 

15 

6 

9 

11 

13 
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INPUT  LEVEL  ~ 
CP 


*~tpHL  -/L-,._N  ' 

-90%  hNoii  V  I       "     H  — 

i  vs-l  J-vs 

■  rIO%      10%-jg.  I\  

"~  ~ "1  f"  *TLH 


54/74HC 

54/74HCT 

INPUT  LEVEL 

vcc 

3  V 

SWITCHING  VOLTAGE,  Vs 

50%  VCC 

1.3  V 

_,PHL 


S4/74HC 

54/74HCT 

INPUT  LEVEL 

3V 

SWITCHING  VOLTAGE.  Vs 

50% 

1.3  V 

92CS -3S370R2 


92CS-3837IR2 


Fig.  3  -  Pre-requisite,  propagation-delay,  and  output-transition        Fig.  4  -  Master-Reset  pre-requisite  and  propagation-delay  times. 


SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  t„t,=6  ns) 


LIMITS 

25°  C 

-40  C  to  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay  tPLH 

2 

125 

155 

190 

Time:  tpHL 

4.5 

25 

34 

31 

43 

38 

51 

CPOto  Q0 

6 

21 

26 

32 

2 

135 

170 

205 

CPTtoQI 

4.5 

27 

34 

34 

43 

41 

51 

6 

23 

29 

35 

2 

185 

230 

280 

CP1  to  Q2 

4.5 

37 

46 

46 

58 

56 

69 

6 

31 

39 

48 

ns 

CPTto  Q3 

2 

245 

305 

370 

4.5 

49 

58 

61 

73 

74 

87 

6 

42 

52 

63 

2 

155 

195 

235 

MR1,  MR2  to  Qn 

4.5 

31 

33 

39 

41 

47 

50 

6 

26 

33 

40 

Output  Transition  tmL 

2 

75 

95 

110 

Time  tTLH 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input  Capacitance  Ci 

10 

10 

10 

10 

10 

10 

PF 

I 
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Technical  Data . 


CD54/74HC107 
CD54/74HCT107 

High-Speed  CMOS  Logic 


File  Number  1722 


GND  =7 

vcc-« 


9ZCS- 39416 

FUNCTIONAL  DIAGRAM 


Dual  J-K  Flip-Flop  with  Reset 

Negative-Edge  Trigger 
Type  Features: 

■  Hysteresis  on  clock  inputs  for  improved  noise  immunity  and  increased 

input  Rise  and  Fall  times. 

■  Asynchronous  Reset 

■  Complementary  Outputs 

■  Buffered  Inputs 

■  Typical  r™,  =  60  MHz  @  Vcc  =  5V,  Cl  =  15  pF,  TA  =  25°C 


The  RCA-CD54/74HC107  and  CD54/74HCT107  utilize 
silicon-gate  CMOS  technology  to  achieve  operating  speeds 
equivalent  to  LSTTL  parts.  They  exhibit  the  low  power 
consumption  of  standard  CMOS  integrated  circuits, 
together  with  the  ability  to  drive  1 0  LSTTL  loads. 

These  flip-flops  have  independent  J,  K,  Reset  and  Clock 
inputs  and  Q  and  Q  outputs.  They  change  state  on  the 
negative-going  transition  of  the  clock  pulse.  Reset  is 
accomplished  asynchronously  by  a  low-level  input. 

This  device  is  functionally  identical  to  the  HC/HCT73  but 
differs  in  terminal  assignment  and  in  some  parametric 
limits. 

The  54HCT/74HCT  logic  family  is  functionally  as  well  as 
pin-compatible  with  the  standard  54LS/74LS  logic  family. 

The  CD54HC107  and  CD54HCT107  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC107  and  CD74HCT107  are  supplied  in  14-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual- 
in-line  surface-mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85"  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

Nil  =  30%,  WIH  =  30%  of  Vcc;  @  VCc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max..  VtH  =  2V  Min. 
CMOS  Input  Compatibility 
/,  <  J  (tA@  Vol,  Voh 

TRUTH  TABLE 
(EACH  FLIP-FLOP) 


9ZCS- 39236 


Fig.  1  -  Logic  diagram. 


INPUTS 

OUTPUTS 

R 

CP 

J 

K 

0  ~Q 

L 

X 

X 

X 

L  H 

H 

N_ 

L 

L 

No  Change 

H 

A_ 

H 

L 

H  L 

H 

"V 

L 

H 

L  H 

H 

"V 

H 

H 

Toggle 

H 

H 

X 

X 

No  Change 

H  =  High  Level  (Steady  State) 
L  =  Low  Level  (Steady  State) 


X  =  Irrelevant 
A_  =  High-to-Low 
transition 
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Technical  Data 


CD54/74HC107 
CD54/74HCT107 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,K  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V0  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice):  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  »  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  T,  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -55  to  +1 00°  C  (PACKAGE  TYPE  F,  H)    500  mW 

ForT,  =  +100  to  +125° C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°Cto  300  mW 

For  TA  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F,  H   -55  to  +125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (Tsl0)   -65  to  +150°  C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

CL 

_L 


with  solder  contacting  !e 


<f>-t>~ 


+300° C 


I 


92CM-3923I 


Fig.  2  -  Flip-Flop  detail. 

RECOMMENDED  OPERATING  CONDITIONS: 
For  maximum  reliability,  nominal  operating  conditions  should  be  selected 
following  ranges: 


so  that  operation  is  always  within  the 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:  * 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+125 

°C 

Input  Rise  and  Fall  Times,  t„  t(  • 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
>  Applicable  for  all  inputs  except  clock. 
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Technical  Data. 


CD54/74HC107 
CD54/74HCT107 

STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC107,  CD54HC107 

CD74HCT107,  CD54HCT107 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 

mA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

V. 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  ViH 

2 

1.5 

1.5 

1.5 

4.5 
to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

3  15 

3.15 

6 

4.2 

4.2 

4  2 

Low- Level 

Input  Voltage  VIL 

2 

0.5 

0.5 

0.5 

- 

4.5 

to 
5.5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4  5 

1.35 

1.35 

- 

1.35 

6 

1.8 

1.8 

1.8 

Htgh-Level 

Output  Voltage  Vom 
CMOS  Loads 

M,i 
or 
V,„ 

-0  02 

2 

1.9 

1.9 

1.9 

V,L 
or 
Vm 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

4.4 

4.4 

6 

5  9 

5.9 

- 

59 

TTL  Loads 

V,L 

or 

V|H 

V,L 

or 

VlH 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 
or 

V|H 

0.02 

2 

0.1 

0.1 

0.1 

Vit 
or 
Vm 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,L 

or 

v,„ 

V,L 

or 
V,„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 

Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

„A 

Quiescent 

Device  Current  Ice 

Vcc 
or 
Gnd 

0 

6 

4 

40 

80 

Vcc 
or 
Gnd 

5.5 

4 

40 

80 

fA 

Additional 

Quiescent  Device 

Current  per  input 

pin:  1  unit  load  Alec' 







Vcc  -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

„A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads  * 

All 

0.3 

Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360      max.  @  25°  C. 


\A 

vcc 

1R 

12 

1CP 

M 

2K 

10 

2B 

g 

fBP 

0 

2J 

TERMINAL  ASSIGNMENT 
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.  Technical  Data 


CD54/74HC107 
CD54/74HCT107 


SWITCHING  C 


Ycc=5  V,  TA=25°C,  Input  t„  t,=6  ns) 


CL 

TYPICAL 

CHARACTERISTIC 

(pF) 

HC 

HCT 

UNITS 

Propagation  Delay 
CP  toQ 

tpLH 
tpHL 

15 

14 

18 

ns 

CPtoQ 

14 

17 

ns 

R  to  Q,  (5 

13 

16 

ns 

CP  Frequency 

fmax 

15 

60 

56 

MHz 

Power  Dissipation  Capacitance* 

CpD 

31 

30 

pF 

Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  flip-flop. 


PD  '  CpDVcc2fi+  I  CLVcc2fo 


i  fi  =  input  frequency,  f„  ;  output  frequency, 

CL  =  output  load  capacitance,  VCc  =  supply  voltage. 


PRE  REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

CHARACTERISTIC 

TEST 
CONDITION 

Vex 
V 

25°  C 

-40°Cto  +85°  C 

-55°  C  to  +125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54  HCT 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Pulse  Width  tw 

2 

80 

100 

120 

CP 

4.5 

16 

18 

20 

23 

24 

27 

ns 

6 

14 

17 

20 

2 

80 

100 

120 

~R~ 

4.5 

16 

24 

20 

30 

24 

36 

ns 

6 

14 

17 

20 

Set-up  Time  tSu 

2 

100 

125 

150 

J,  K  to  CP 

4.5 

20 

20 

25 

25 

30 

30 

ns 

6 

17 

21 

26 

Hold  Time  tH 

2 

3 

3 

3 

J,  KtoCP 

4.5 
6 

3 
3 

5 

3 
3 

5 

3 
3 

5 

ns 

Removal  Time  trom 

2 

60 

75 

90 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 

CP  Frequency  fm„ 

2 

6 

5 

4 

4.5 

30 

28 

25 

22 

20 

19 

MHz 

6 

35 

29 

23 

Technical  Data. 


CD54/74HC107 
CD54/74HCT107 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


LIMITS 

CHARACTERISTIC 

TEST 
CONDITION 

25°  C 

-40°CtO  +85° 

C 

-55°Cto  +125°  C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54  HCT 

Vcc 
V 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Propagation  tpLH 

2 

170 

215 

255 

Delay  t.phl 

4.5 

- 

34 

- 

43 

- 

43 

- 

54 

- 

51 

- 

65 

ns 

CPtoQ 

6 

29 

37 

43 

2 

170 

215 

255 

CP  to"Q" 

4.5 

34 

40 

43 

50 

51 

60 

ns 

6 

29 

37 

43 

2 

155 

195 

235 

R~to  Q,  (T 

4.5 

31 

38 

39 

48 

47 

57 

ns 

6 

26 

33 

40 

OutpUt  tTLH 

2 

75 

95 

110 

Transition  tim 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Time 

6 

13 

16 

19 

Input  Ci 
Capacitance 

10 

10 

10 

10 

10 

10 

PF 

~" ^    90%  JF  V  LEVEL 

F     ^d^f  S  ^ 


90 

0  OR  ^  10% 


■  'PLH 


'PHL 


*1  p-^'THL 


J- 


92CS- 39232 


)€ZZK 


INPUT 
'  LEVEL 


"\  LEVEL 
>  GND 

92CS-39233 


I. 


,  INPUT 
LEVEL 


92CS-39234 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  V, 

50%  Vcc 

1.3  V 

Fig.  3  -  Transition  times,  propagation  delay  times,  and  setup  and  hold  times. 
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Technical  Data 


File  Number  1667 


CD54/74HC109 
CD54/74HCT109 


High-Speed  CMOS  Logic 


1K- 
1CP- 

TS- 

2S- 

2J  - 


vCc  =  1 

GND  =  8 

92CS-38532 

FUNCTIONAL  DIAGRAM 


Dual  J-K  Flip-Flop  with 
Set  and  Reset 

Type  Features: 

■  Positive-Edge  triggered 

■  Asynchronous  Set  and  Reset 

■  60  MHz  Typical  Maximum  Clock  Frequency 
@Vcc  =  5  V,  Cl  =  15  pF,  Ta  =  25°  C 

■  Typical  Propagation  Delay  =1Bns@  Vcc  =  5V,  CL  =  15pF,  TA  =  25°  C 
a  Schmitt  Trigger  Clock  Inputs 


The  RCA-CD54/74HC109  and  CD54/74HCT109  are  dual 
J-K  flip-flops  with  set  and  reset.  The  flip-flop  changes  state 
with  the  positive  transition  of  Clock  (1CP  and  2CP). 

The  flip-flop  is  set  and  reset  by  active-low  S  and  R, 
respectively.  A  low  on  both  the  set  and  reset  inputs 
simultaneously  will  force  both  Q  and  Q  outputs  high. 
However,  both  set  and  reset  going  high  simultaneously 
results  in  an  unpredictable  output  condition. 

The  CD54HC109  and  CD54HCT109  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC109  and  CD74HCT109  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


5(11 1 

sO- 

2(14) 
3(131 


Pr  


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 

m  Bus  Driver  Outputs  -  15  LSTTL  Loads 
Wide  Operating  Temperature  Range: 
CD74HC/HCT:  —40  to  +  85°C 

*  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noice  Immunity:  N,l  =  30%,  N,h  ~  30%  of  Vcc 
@Vcc=5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,l  =0.8  V  Max..  Vm  =  2  V  Min. 
CMOS  Input  Compatibility 

I,  ==■  1  uA@  Vol  Voh 


J  s 

0 

FF 

KCL  CL 

4(121 

cpQ— 


1(15) 

ftO- 

16 

vccO 

8 

gndQ 


6(10) 

-Oo 


7(9) 

-OQ 


TRUTH  TABLE 


Inputs 

Outputs 

S 

R 

CP 

J 

K 

0  Q 

L 

H 

X 

X 

X 

H  L 

H 

L 

X 

X 

X 

L  H 

L 

L 

X 

X 

H'  H' 

H 

H 

^x^_ 

L 

L 

L  H 

H 

H 

H 

L 

TOGGLE 

H 

H 

L 

H 

NO  CHANGE 

H 

H 

H 

H 

H  L 

H 

H 

~^\~~ 

X 

X 

NO  CHANGE 

Fig.  1  -  Logic  diagram 


•Unpredictable  and  unstable  condition  if  both  S  and  R  go  high 
simultaneously. 
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92CM-38536 


DETAIL  OF  FLIP-FLOP 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLT  AGE,  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  I ik  (FOR  Vi  <  -0.5  V  OR  Vi  >  Vcc  +0.5V)    i  20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  Vo  <  -0.5  OR  Vo  >  Vcc  +0.5  V)   ±  20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)    +  25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice):    i  50  mA 

POWER  DISSIPATION  PER  PACKAGE  (Pd): 

For  Ta  -  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/° C  to  300  mW 

For  Ta  -  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  Ta  =  +100  to  +  125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°Cto  300  mW 

For  T.  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING  -TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H    -55  to +1 25°  C 

PACKAGE  TYPE  E,  M   -40  to  +  85°  C 

STORAGE  TEMPERATURE  (T>,9)    -65  +150°C 

LEAD  TEMPER ATU ARE  (DURING  SOLDERING): 

At  distance  1/16  +  1/32  in.  (1.59  +  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the  following 
ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA  =  Full  Package-Temperature  Range)  Vcc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 
4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage  Vi  Vo 

0 

Vcc 

V 

Operating  Temperature  Ta: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

•c 

Input  rise  and  Fall  Times  t,  ti 

All  inputs  Except  CP                                                         at  2  V 

at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

Input  Rise  and  Fall  Times  tr,  tf 

For  CP                                                                        at  2  V 

at  4.5  V 
at  6  V 

0 
0 
0 

unlimited 

LIS 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC109  /  CDS4HC109 

CD74HCT109  /  CD54HCT109 

TEST 

74HC/54HC 

74HC 

54HC 

TEST 

74HCT/54HCT 

74HCT 

54HCT 

CHARACTERI 

STIC 

CONDITIONS 

TYPES 

TYPES 

TYPES 

CONDITIONS 

TYPES 

TYPES 

TYPES 

UNITS 

-40/ 

-55/ 

-40/ 

-55/ 

V| 

lo 

Vcc 

25°  < 

*  85°  C 

•  125°C 

V| 

Vcc 

* 

25°  C 

•  8 

i'C 

♦  125°C 

V 

mA 

V 

Min 

Typ 

Mai 

Mln 

Mar 

Mln 

Max 

V 

V 

Mln 

Typ 

Max 

Mln 

Mai 

Mln 

Mai 

High-Level 

2 

1.5 

- 

- 

1.5 



1.5 

_ 

45 

Input  Voltage 

Vim 

4.5 

3  15 

- 

- 

3.15 



3  15 



to 

2 

- 

- 

2 

— 

2 

_ 

V 

6 

4  2 

- 

4  2 

_ 

4  2 



55 

Low-Level 

2 

- 

- 

05 

0.5 

0.5 

4.5 

Input  Voltage 

Vil 

4.5 

- 

- 

1.35 

1.35 

1.35 

to 

- 

- 

0.8 

- 

08 

0  8 

V 

6 

- 

- 

1.8 

1.8 

1.8 

5.5 

High-Level 

Vil 

2 

1.9 

19 

1.9 

Vil 

Output  Voltage 

Voh 

or 

-0.02 

4.5 

4.4 

- 

- 

4  4 

4.4 

or 

4.5 

4.4 

- 

4.4 

- 

4.4 

V 

CMOS  Loads 

VlH 

6 

5.9 

- 

- 

5.9 

- 

59 

- 

VlH 

Vil 

Vil 

TTL  Loads 

or 

-4 

4.5 

396 

3  84 

3  7 

or 

4  5 

3  98 

3.84 

- 

3.7 

V 

VlH 

-5.2 

6 

5.48 

- 

5.34 

— 

5.2 

_ 

VlH 

Low-Level 

Vil 

2 

0  1 

— 

0  1 

— 

0.1 

Vil 

Output  Voltage 

Vol 

or 

002 

4  5 

- 

- 

0.1 

— 

0  1 

— 

0  1 

or 

4.5 

- 

- 

0  1 

— 

0.1 

— 

0.1 

V 

CMOS  Loads 

VlH 

6 

- 

- 

0  1 

0  1 

0  1 

VlH 

Vil 

VIL 

TTL  Loads 

or 

4 

45 

026 

0  33 

04 

or 

45 

0  26 

- 

0  33 

04 

V 

VlH 

5.2 

6 

026 

033 

04 

VlH 

Input  Leakage 
Current 

i 

Vcc 
or 
Gnd 

6 

10.1 

±1 

+  1 

Any 
Voltage 
Between 

Vcc 
& 

Gnd 

55 

•0  1 

♦  1 

«1 

jjA 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

4 

40 

80 

or 

5.5 

4 

40 

80 

iiA 

Current 

Ice 

Gnd 

Gnd 

Additional  quiescent 
Device  Current  Alec* 
per  input  pin: 
1  unit  load 

Vcc-2  1 

4.5 
to 

5.5 

100 

360 

450 

490 

iJA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  *  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

0.3 

"Unit  Load  isAlcc  limit  specified  in  Static  Characteristics  Chart,  e.g.,  360  uA  max.  @  25°C 


CD54/74HC109 
CD54/74HCT109 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»,  =  25°  C,  Input  t„t,  =  6  nt) 


Typical 

CHARACTERISTIC 

(pF) 

54/74HC 

54/74HCT 

UNITS 

Propagation  Delay, 

CPh>  q,  q 

tPLH 
tpni 

15 

14 

17 

ns 

S^Q 

tPLH 

15 

9 

12 

ns 

S  ->  Q  Iph. 

15 

13 

19 

ns 

R  ->  Q 

tPML 

15 

15 

19 

ns 

R-»Q 

tPLH 

15 

14 

15 

ns 

CP  Frequency 

f  MAX 

15 

60 

54 

MHz 

Power  Dissipation  Capacitance" 

Cpd" 

30 

33 

PF 

*Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  flip-flop. 

PD  =  Cpo  VccJfi  +  I  Vcc2  CL  fo  where: 

fi  -  Input  Frequency 

Cl  =  Output  Load  Capacitance 
Vcc  =  Supply  Voltage 
fo  =  Output  Frequency 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

CHARACTERISTIC 

TEST 
CONDITION 

25°  C 

-40°  C  to  +85°  C 

-55°C  to  +125°C 

UNITS 

Vcc 
V 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Set-up  Time 
J.  K  to  CP 

tsu 

2 
4.5 
6 

80 
16 
14 

18 

100 
20 
17 

23 

120 
24 
20 

27 

ns 

Hold  Time 
J,  K  to  CP 

th 

2 
4.5 
6 

5 

5 
5 

3 

5 
5 
5 

3 

5 
5 
5 

3 

ns 

Removal  Time 
R,  Sto  CP 

tp£M 

2 
4.5 
6 

80 
16 
14 

18 

100 
20 
17 

23 

120 
24 
20 

27 

ns 

Pulse  Width 
CP,  R.  S 

tw 

2 
4.5 
6 

80 
16 
14 

18 

100 
20 
17 

23 

120 
24 
20 

27 

ns 

CP  Frequency 

f  MAX 

2 
4.5 
6 

6 

30 

35 

27 

5 
25 
29 

22 

4 

20 
23 

18 

MHz 
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SWITCHING  CHARACTERISTICS  (d.  =  50  pF,  Input  l.,t,  =  6  ns) 


CD54/74HC109 
CD54/74HCT109 


25°  C 

-40°  C  to  +  85°  C 

-55° C  to 

*  125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tPHL 

2 

175 

220 

265 

CP  -»  Q,  Q 

tPHL 

4.5 
6 

35 
30 

40 

— 

44 

37 

50 

— 

53 
45 

60 

— 

ns 

2 

120 

150 

180 

S^Q 

Kh 

4.5 
6 

24 
20 

30 

— 

30 
26 

38 

— 

36 
31 

45 

— 

ns 

2 

155 

195 

235 

S  —  Q 

tPHL 

4.5 
6 

31 

26 

45 

39 
33 

56 

47 
40 

68 

ns 

2 

185 

230 

280 

n  — » u 

tPHL 

4.5 

37 

45 

46 

56 

56 

68 

ns 

6 

31 

39 

48 

2 

170 

215 

255 

R  -*  Q 

tPLH 

4.5 
6 

34 
29 

37 

43 
37 

46 

51 
43 

56 

ns 

Transition 

tTLH 

2 

75 

95 

110 

Times 

tlHL 

4.5 
6 

15 
13 

15 

19 
16 

19 

22 
19 

22 

ns 

Input 

Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

«f  —i  (—    —1  p —  •( 

90%- ->  + 


-  INPUT  LEVEL 


<PLH 

_  90% 
QORQ  10% 


'TLH 


Vs 


—J  t- — 'PHL 
—A  r~—  *THL 


Fig.  2  -  Clock  to  output  delays  and  clock  pulse  width. 


h-  VALID  ■*■ 
—4  'SU  H  -\  tH 


INPUT  LEVEL 
GND 

INPUT  LEVEL 
GND 


92CS-38535R2 


Fig.  4  -  Data  set-up  and  hold  times. 


SORR      \"S  f(~ 
'PHL  - 


QORQ 
«PLH 
O  OR 


-«« 


vs 


.H— <  I— 


-  INPUT  LEVEL 


'  REM 
VS 


INPUT  LEVEL 


Fig.  3  -  Reset  or  Set  prerequisite  and  propagation  delays. 


54/74  HC 

54/74  HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3V 
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Technical  Data . 


CD54/74HCT112 
CD54/74HCT112 


File  Number  1843 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM 


Dual  J-K  Flip-Flop  with  Set  and  Reset 

Negative-Edge  Trigger 
Type  Features: 

■  Hysteresis  on  clock  inputs  lor  improved  noise  immunity  and  increased 

input  rise  and  fall  times 

■  Asynchronous  set  and  reset 
m  Complementary  outputs 

■  Buffered  inputs 

■  Typical  fm„  =  60  MHz  @  VCc  =  5  V,  CL  =  75  pF,  Ta  =  25°  C 


The  RCA-CD54/74HC112  and  CD54/74HCT112  utilize 
silicon-gate  CMOS  technology  to  achieve  operating  speeds 
equivalent  to  LSTTL  parts.  They  exhibit  the  low  power 
consumption  of  standard  CMOS  integrated  circuits, 
together  with  the  ability  to  drive  10  LSTTL  loads- 

These  flip-flops  have  independent  J.  K,  Set,  Reset,  and 
Clock  inputs  and  Q  andTJoutputs.  They  change  state  on 
the  negative-going  transition  of  the  clock  pulse.  Set  and 
Reset  are  accomplished  asynchronously  by  low-level  inputs. 

The  54HCT/74HCT  logic  family  is  functionally  as  well  as 
pin-compatible  with  the  standard  54LS/74LS  logic  family. 

The  CD54HC1 12  and  CD54HCT1 1 2  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC112  and  CD74HCT112  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface-mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 

TRUTH  TABLE 
(EACH  FLIP-FLOP) 


INPUTS 

OUTPUTS 

S 

R 

CP 

J 

K 

Q 

Q 

L 

H 

X 

X 

X 

H 

L 

H 

L 

X 

X 

X 

L 

H 

L 

L 

X 

X 

X 

H  • 

L* 

H 

H 

L 

L 

No  Change 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

Toggle 

H 

H 

H 

X 

X 

No  Change 

Family  Features: 

■  Fanout  {Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:    -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 
m  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:    Nil.  =  30%,  Nih  =  30%  of  Vcc, 
@Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max.,  Vm  =  2V  Min. 
CMOS  Input  Compatibility 

h<1  »A@  VOL,  V0» 


'  Output  states  unpredictable  if  S  and  R  go  High 

simultaneously  after  both  being  low  at  the  same  time. 
H  =  High  steady  state. 
L  =  Low  steady  state. 
X  =  Irrelevant. 
\_=  High-to-Low  transition. 
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CD54/74HCT112 
CD54/74HCT112 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  I,k  (FOR  V,  <  -0.5  V  OR  Vi  >  Vcc  +0.5  V)   ±20  mA 

DC  OUTPUT  DIODE  CURRENT.  Iok  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  V0  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT.  (Ice):  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 


mW 


ForT.  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   

ForT,  »  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  T.  =  -55  to  +1 00°  C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T,  =  +100  to  +125° C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

ForT.  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40  to +85°  C 

STORAGE  TEMPERATURE  (Tslg)  -*5  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 
At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 


Unit  inserted  into  a  PC  board  (min.  thickn 
with  solder  contacting 


+300° C 


92CM -40340 


Fig.  1  -  Flip-Hop  logic  diagram. 


RECOMMENDED  OPERATING  CONDITIONS: 
For  maximum  reliability, 
following  ranges: 


nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  v0 

0 

Vcc 

V 

Operating  Temperature  Ta: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times,  t,,  t,  • 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

*  Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

•  Applicable  for  all  inputs  except  clock. 
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CD54/74HCT112 
CD54/74HCT112 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC112,  CD54HC112 

CD74HCT112,  CD54HCT112 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V. 
V 

lo 
mA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
»125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

Mln 

Typ 

Max 

Mln 

Mai 

Mln 

Mai 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

High- Level 

Input  Voltage  V,H 

1.5 

— 

— 

1.5 

- 

1.5 

- 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3  15 

_ 

— 

3.15 

— 

3.15 

- 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  ViL 

2 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4.5 

- 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  V0m 
CMOS  Loads 

V,L 

or 
V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

ViL 

or 

V|H 

4.5 

4.4 

- 

- 

4.4 

- 

44 

- 

V 

4.5 

4.4 

- 

4.4 

- 

4.4 

- 

6 

5.9 

5.9 

5.9 

TTL  Loads 

V,i 
or 

V,H 

-4 

ViL 

or 

V,H 

4.5 

3.98 

3.84 

3  7 

V 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low- Level 

Output  Voltage  Vol 
CMOS  Loads 

Vll 

or 

V,» 

002 

2 

0  1 

0.1 

0.1 

Vn 
or 
V,» 

4.5 

0.1 

0.1 

0  1 

V 

4.5 

0  1 

0.1 

0  1 

6 

0  1 

0.1 

0.1 

TTL  Loads 

v,t 
v,„ 

4 

V,L 

v,„ 

4  5 

0.26 

0.33 

04 

4.5 

0.26 

0  33 

0.4 

5.2 

6 

0.26 

033 

0.4 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

//A 

Quiescent  Device 
Current  lcc 

Vcc 
or 
Gnd 

0 

6 

4 

40 

80 

Vcc 
or 
Gnd 

5.5 

4 

40 

80 

fA 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

•For  dual-supply  systems  theoretical  worst  case  (Vi  =  2.4  V,  Vcc  =  5.5  V)  specilication  is  1.8  mA. 
HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

IS,  2S 

0.5 

1K,  2K 

0.6 

1R,  2R 

0.65 

1J,  2J,  TCP,  2CP 

1 

1  K 
1  J 
IS 
10 


10   

7 

20   


TR 
■  2R 
2CP 
2K 
2J 
2S 
20 
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*  Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  M  max.  @25°C. 


TOP  VIEW     92CS -40339 

TERMINAL  ASSIGNMENT 


Technical  Data 


CD54/74HCT112 
CD54/74HCT112 

SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T.  =  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

Cl 
(PF) 

TYPICAL  VALUES 

UNITS 

HC 

HCT 

Propagation  Delay 
CP  to  Q,  Q 

tpLHi  tpHL 

15 

14 

14 

ns 

Sto  Q,  Q 

13 

13 

ns 

R  to  Q,  Q 

15 

14 

ns 

CP  Frequency 

fmai 

15 

60 

60 

MHz 

Power  Dissipation  Capacitance  " 

Cpo 

12 

20 

PF 

'  Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  flip-flop. 

Po  =  Cpd  VCc2fi  +  Z  CL  VCc2f„  where:  U  =  input  frequency  Cl  =  output  load  capacitance 

f0  =  output  frequency         VCc  =  supply  voltage 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

CHARACTERISTIC 

25 

C 

-40°Cto  +85°  C 

-55°Cto  +125°C 

UNITS 

CONDITION 

Vcc 
V 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Pulse  Width  tw 

2 

80 

100 

120 

CP 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 

17 

20 

2 

80 

100 

120 

Ft,  S 

4.5 

16 

18 

20 

23 

24 

27 

ns 

6 

14 

17 

20 

Set-up  Time  tSu 

2 

80 

100 

120 

J,  K  to  CP 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 

17 

20 

Hold  Time  tH 

2 

0 

0 

0 

J,  K  to  CP 

4.5 
6 

0 
0 

3 

0 
0 

3 

0 
0 

3 

ns 

Removal  Time  Irem 

2 

80 

100 

120 

R  to  CP 

4.5 

16 

20 

20 

25 

24 

30 

ns 

S  to  CP 

6 

14 

17 

20 

CP  Frequency  fm„ 

2 

6 

5 

4 

4.5 

30 

30 

25 

25 

20 

20 

MHz 

6 

35 

29 

23 
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SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„  li  =  6  ns) 


LIMITS 

TEST 

25°  C 

-40°  C  to  +85°  C 

-55°  C  to 

+125°C 

CHARACTERISTIC 

CONDITION 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Vcc 

V 

Mln. 

Max. 

Mln. 

Max 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  tPLH 

2 

1  7£ 
I  i  0 

Delay  tPHL 

4.5 

35 

35 

44 

44 

53 

53 

ns 

CP  to  Q,  Q 

6 

in 

37 

45 

2 

l  aO 

1  QG. 

i  yo 

S  to  Q,  Q 

4.5 

31 

32 

39 

40 

47 

48 

ns 

6 

- 

26 

- 

33 

- 

- 

40 

- 

2 

180 

225 

270 

R  to  Q.  Q 

4.5 

36 

37 

45 

46 

54 

56 

ns 

6 

31 

38 

46 

Output  Transition  tTLH 

2 

75 

95 

110 

Time  tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 



Input 
Capacitance 

10 

10 

10 

10 

10 

10 

pF 

92CS-39234 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 
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Fig.  2  -  Transition  times,  propagation  delay  times,  and  setup  and  hold  times. 
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CMOS  Logic 


Dual  Retriggerable  Monostable 
Multivibrators  with  Resets 


FUNCTIONAL  DIAGRAM 


Type  Features: 

■  Overriding  RESET  Terminates  Output  Pulse 

■  Triggering  From  the  Leading  or  Trailing  Edge 

■  O  and  0  Buffered  Outputs 

■  Separate  Resets 

■  Wide  Range  of  Output-Pulse  Widths 

■  Schmitt  Trigger  on  both  ~A~ and  B  inputs 


The  RCA-CD54/74HCT1 23,423  and  CD54/74HCT123.423 
are  dual  monostable  multivibrators  with  resets.  They  are  all 
retriggerable  and  differ  only  in  that  the  123  types  can  be 
triggered  by  a  negative-to-positive  reset  pulse;  whereas  the 
423  types  do  not  have  this  feature.  An  external  resistor  (R„) 
and  an  external  capacitor  (C)  control  the  timing  and  the 
accuracy  for  the  circuit.  Adjustment  of  R,  and  C  provides  a 
wide  range  of  output  pulse  wjdths  from  the  Q  and  Q  termi- 
nals. Pulse  triggering  on  the  A  and  B  inputs  occur  at  a  par- 
ticular voltage  level  and  is  not  related  to  the  rise  and  fall 
times  of  the  trigger  pulses. 

Once  triggered,  the_output  pulse  width  may  be  extended  by 
retriggering  inputs  A  and  B  The  output  pulse  can  be  termi- 
nated by  a  LOW  level  on  the  Reset  (R)  pin.  Trailing-edge 
triggering  (A)  and  leading-edge  triggering  (B)  inputs  are 
provided  for  triggering  from  either  edge  of  the  input  pulse. 
If_either  Mono  is  not  used  each  input  on  the  unused  device 
(A,  B,  and  R)  must  be  terminated  high  or  low. 

The  minimum  value  of  external  resistance,  R,  is  typically 
500  O.  The  minimum  value  external  capacitance,  C„  isO  pF. 
The  calculation  for  the  pulse  width  is  t„  =  0.45  R,C>  at  VCc  = 
5  V. 

The  CD54HC123.423  and  CD54HCT123.423  are  supplied  in 
16-lead  hermetic  dual-in-line  ceramic  packages  (F  suffix). 
The  CD74HC123.423  and  CD74HCT1 23,423  are  supplied  in 
16-lead  dual-in-line  plastic  packages  (E  suffix)  and  in  16- 
lead  dual-in-line  surface  mount  plastic  packages  (M  suffix). 
All  types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  [Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  - 15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
m    CD54HC/CD74HC  Types: 

2to6V  Operation 
High  Noise  Immunity: 

N,L  =  30%,  N,H  =  30%  Of  Vcci  @  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

Vil  =  0.8  VMax.,  Vm  =  2  V  Min. 
CMOS  Input  Compatibility 
/,  <  7  fjA@  Vol,  Voh 


^vcc 

ma 

3*  ICx 

k  ,0 

2.  20 

—  2R 

*GX- 
GND  — 

«S  2B 
±  2A 

TERMINAL  ASSIGNMENT 
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Technical  Data  

CD54/74HC123,  CD54/74HCT123 
CD54/74HC423,  CD54/74HCT423 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC123/CD54HC123 
CD74HC423/CD54HC423 

CD74HCT123/CD54HCT123 
CD74HCT423/CD54HCT423 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 

h 

Vcc 

+25°  C 

-40/ 
+85°  C 

-55/ 
♦125° C 

V, 
V 

Vcc 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125° C 

Mln 

Typ 

Max 

Mln 

Mai 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  VIH 

2 

1.5 

1.5 

1.5 

4.5 
5.5 

2 

2 

2 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4  2 

4.2 

Low-Level 

Input  Voltage  ViL 

2 

0.5 

0.5 

05 



4.5 
to 
5  5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4.5 

- 

1  35 

1.35 

1.35 

g 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

Wu 
or 

-0.02 

2 

1.9 

1 .9 

1.9 

VlL 

or 

Vih 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4,4 

4.4 

4.4 

5.9 

5.9 

5.9 

TTL  Loads 

V,L 
or 
V,„ 

Wu 
or 

V,H 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3  7 

-5.2 

6 

5.48 

5.34 

5.2 

Low- Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 

or 
Mm 

0.02 

2 

0  1 

0.1 

0.1 

V|L 

or 

Vih 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0  1 

0.1 

0.1 

TTL  Loads 

Vil 
or 
V,„ 

V,l 
or 

Vih 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.25 

0.33 

0.4 

5  2 

6 

0.26 

0.33 

0.4 

Input  Leakage 

Current  I. 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

■iA 

Ouiescent 

Device  Current  lcc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

«A 

Additional 

Quiescent  Device 

Current  per  input 

pin:  1  unit  load  Alec* 

Vcc -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

«A 

'  For  dual-supply  systems  theoretical  worst  case  (Vi  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS  * 

All  Inputs 

0.35 

•  Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  /jA  max.  @  25° C. 


.  Technical  Data 


CD54/74HC123,  CD54/74HCT123 
CD54/74HC423,  CD54/74HCT423 


HC/HCT123  TRUTH  TABLE 


HC/HCT423  TRUTH  TABLE 


INPUTS 

OUT 

»UTS 

A 

B 

R 

Q 

Q 

H 

X 

H 

L 

H 

X 

L 

H 

L 

H 

L 

H 

_n_ 

"LT 

~v 

H 

H 

_TL 

~LT 

X 

X 

L 

L 

H 

L 

H 

J~ 

JT 

~i_r 

INPUTS 

OUTPUTS 

A 

B 

R 

Q 

0 

H 

X 

H 

L 

H 

X 

L 

H 

L 

H 

L 

H 

JT 

"L_r 

"\_ 

H 

H 

J~L 

X 

X 

L 

L 

H 

H  =  High  Level  J~  =  Transition  from  Low  to  High 
L  =  Low  Level  ~\_  =  Transition  from  High  to  Low 

X  =  Irrelevant  _TL  =  One  High  Level  Pulse 

~l_T  =  One  Low  Level  Pulse 


r-VW-,-- 1(  1 

f6cO  Orxcx 


lM>r{> — " 


92CM-39225RI 


Fig.  1  -  Logic  diagram  lor  HC/HCT123  and  423. 
MAXIMUM  RATINGS,  Absolute-Maximum  Values: 


DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT.  U  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT.  (Ice):  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  TA  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  T»  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

ForT.  «  -55  to  +100°C  (PACKAGE  TYPE  F.  H)    500  mW 

ForT.  =  +100  to  +125°  C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  TA  =  -40  to  +70° C  (PACKAGE  TYPE  Ml    400  mW 

ForT,  =  +70  to +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H   -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40to+85°C 

STORAGE  TEMPERATURE  (T„„)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 
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CD54/74HC123,  CD54/74HCT123 
CD54/74HC423,  CD54/74HCT423 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIM 

ITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4  5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  Ta: 

CD74  Types 

-40 

+85 

"C 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times  t,,  t,  on  Input  R 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

ns 

Input  Rise  and  Fall  Times  t„  t,  on  Input  B  and  A 

at2V 

0 

Unlimited 

ns 

at  4.5 

0 

Unlimited 

ns 

at6V 

0 

Unlimited 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

CHARACTERISTIC 

Vcc 

25°  C 

-40°Cto+85°C 

-55°  CC  to  +125"C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Minimum  Input 

2 

100 

125 

150 

Pulse  Width 

fwL 

4.5 

20 

20 

25 

25 

_ 

ns 

A 

6 

17 

21 

2 

100 

125 

150 

B 

4.5 

20 

20 

25 

25 

30 

30 

ns 

6 

17 

21 

26 

2 

100 

125 

150 

w 

V 

4.5 

20 

20 

25 

25 

30 

30 

ns 

6 

17 

21 

26 

2 

50 

65 

75 

A  &  B  Hold  Time 

tH 

4.5 
6 

10 
9 

10 

13 
11 

13 

15 
13 

15 

ns 

2 

50 

65 

75 

Reset  Removal  Time 

'rem 

4.5 
6 

10 
9 

10 

13 
11 

13 

15 
13 

15 

ns 

Retrigger  Time  # 
Rx  =  10  KO 

t,T 

5 

50  Typ. 

50  Typ. 

63  Typ. 

63  Typ. 

76  Typ 

76  Typ. 

ns 

Output  Pulse 

Width  Q  or  Q 

tw 

5 

40 

50 

40 

50 

38.7 

51.3 

38.7 

51.3 

38.2 

51.8 

38.2 

51.8 

us 

R.=  10  KQ,  C,  =  10  nF 

#Time  to  trigger  depends  on  the  values  of  R»  and  C«.  The  output  pulse  width  can  only  be  extended  when  the  time 
between  the  active-going  edges  of  the  trigger  input  pulses  meet  the  minimum  retrigger  time  requirement. 
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CD54/74HC123,  CD54/74HCT123 
CD54/74HC423,  CD54/74HCT423 

SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T,  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

C 
(pF) 

TYPICAL  VALUES 

UNITS 

54/74HC 

54/74HCT 

Propagation  Delay 

A,  B,  Ft"  to  Q  tpLH 

15 

25 

25 

ns 

A,  B,  R"to  Q~  tpHL 

15 

26 

27 

ns 

Output  Pulse  Width 
R,  =  10  KO,  C,  =  10  nF 

45 

45 

US 



Pulse  Width  Match  Between  Circuits  in  the  same  Package 

R,  =  10KO,  C„  =  10nF 

±2 

±2 

% 

Power  Dissipation  Capacitance  *  Cpd 

PF 

CPD  is  used  to  determine  the  dynamic  power  consumption,  per  multivibrator. 
Pd  =  (Cpd  +  C„)  Vcc2f,  +  I  (Cl  VCc2fo)  where: 
fi  =  input  frequency, 
fo  =  output  frequency. 
Cl  =  output  load  capacitance. 
C  =  external  capacitance. 
Vcc  =  supply  voltage, 
assuming  fi  •«   L 

u 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns,  R,  =  10  KO.,  C,  =  0) 


LIMITS 

SYM- 

25° C 

-40°Cto  +85°  C 

-55°  C  to 

+125° C 

CHARACTERISTIC 

Vcc 

UNITS 

BOL 

HC 

HCT 

74HC 

74  HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Trigger  Propagation 

tpLH 

2 

300 

375 

450 

Delay, 

4.5 

60 

60 

75 

75 

90 

90 

ns 

"A.  B,  "R  to  Q 

6 

51 

64 

76 

2 

320 

400 

480 

A,  B,  RtoQ 

tpHL 

4.5 

64 

68 

80 

85 

96 

102 

ns 

6 

54 

68 

82 

Reset  Propagation 

tpHL 

2 

215 

270 

325 

Delay, 

tpLH 

4.5 

43 

48 

54 

60 

65 

72 

ns 

Rto  Q  or  Q 

6 

37 

46 

55 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

t-THL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

C, 

10 

10 

'  

10 

10 

10 

10 

pF 

153 


Technical  Data . 


CD54/74HC123,  CD54/74HCT123 
CD54/74HC423,  CD54/74HCT423 


1 

M 

/     DC  SU 
*  AMBIE 

°PLY  VOLTAGE 
NT  TEMPERAT 

(VCCP5V 
JRE'(TA)  25°C 

y 

i  iii 

!      1  ! 

1  111 

1  111 

2  468  2  4  6  B  2  466 
I05  I04  I05  K> 

EXTERNAL  CAPACITANCE  (CX>-»F 


4    6  6  , 
IO? 
92CS- 39221 


Fig.  3  -  Typical  output  pulse  width  as  a  function  ot  C,  forRt  =  10k{l 
and  100  kCl. 


3       4        5        6       7  8 

DC  SUPPLY  VOLTAGE  tvccl-VOLTS 


Fig.  4  -  Typical  "K"  Factor  as  a  function  of  Vcc. 


I    8  - 

i!      6  - 


a  2 

o 


2    4   6  8 


DC  SUPPLY  VOLTAGE  (VCC)  =  5V 
AMBIENT  TEMPERATURE  ITA)=25"C 


~~ i    4    6  ! 


TT68I      2    4  66 
I02  lO3  I 

EXTERNAL  CAPACITANCE  (Cx)-pF  92CS-39226 

Fig.  5-  Typical  propagation  delay  as  a  function  of  External 
Capacitance  (C«). 


B  •  LOW 
A  ■  HIGH 


92CS- 39223 

Output  pulse  control  using  reset  input  (R)  for  123. 


X 


XDOOOC 


x 


*  92CS-39225 


Output  pulse  control  using  retrigger  pulse  tor  123  and  423. 
Fig.  2-  Triggering  of  OneShotby  input  A or  input  B  fora  periodu. 


y 


92CS-39224 

Output  pulse  control  using  reset  input  (R)  for  423. 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 
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File  Number  1771 


CD54/74HC125 
CD54/74HCT125 


High-Speed  CMOS 


Quad  Buffer;  3-State 


Type  Features: 

■  Separate  output  enable  inputs 

■  3-state  outputs 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC125  and  CD54/74HCT1 25  contain  4 
independent  3-state  buffers,  each  having  its  own  output 
enable  input,  which  when  "HIGH"  puts  the  output  in  the 
high  impedance  state. 

TheCD54HC125andCD54HCT125are supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC1 25  and  CD74HCT1 25  are  supplied  in  14-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual-in- 
line surface  mount  plastic  packages  (M  suffix).  Both  types 
are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT/HCU:  -40  to  +85°C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity:  A/,L  =  30%,  W,H  =  30%  of  Vcc, 
@VCc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  Max.,  VIH  =  2V  Min. 

CMOS  Input  Compatibility  /,,  <  7  pA  @  Vol,  Voh 


H>-[> 


92CS-39809 


Fig.  1  -  Logic  diagram. 


TRUTH  TABLE 


Inputs 

Outputs 

nA 

nOE 

nY 

H 

L 

H 

L 

L 

L 

X 

H 

Z 

H  =  High  Level 
L  =  Low  Level 
X  =  Don't  Care 

Z  =  High  Impedance,  OFF  State 
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CD54/74HC125 
CD54/74HCT125 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  .•  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,K  (FOR  V,  <-0.5  V  OR  V,  >  Vcc  +  0.5  V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT.  Iok  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +  0.5  V)  ±35mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±70mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  Ta  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F.  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40tO+85°C 

STORAGE  TEMPERATURE  (T„„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  with 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,N,  V0Ut 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times  t„  t, 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


1  A  

3 

1Y  S 


QND  
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14  „ 
 Vcc 


15-4A 
U-4Y 

9 


3A 

8 


3Y 


 Technical  Data 

CD54/74HC125 
CD54/74HCT125 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC125  C054HC125 

CD74HCT125/CD54HCT125 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE, 

54HCT 
TYPE 

»l 
V 

lo 
mA 

Vcc 
V 

+25°C 

-40/ 
+85°C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25-C 

-40/ 
+85°C 

-55/ 
+125°C 

Min 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V,H 

2 

1.5 

— 

— 

1  5 

— 

1.5 

_ 

- 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

— 

_ 

3.15 

_ 

3.15 

_ 

6 

4.2 

_ 

_ 

4,2 

— 

4.2 

_ 

Low-Level 

Input  Voltage  Vil 

2 

_ 

_ 

0.5 

_ 

0.5 

_ 

0.5 

- 

4.5 
to 
5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1  8 

1.8 

1.8 

High-Level 

Output  Voltage  Voh 

V,L 

or 

-0.02 

2 

1.9 

1  9 

1.9 

or 
v,„ 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

CMOS  Loads 

Vim 

6 

5.9 

- 

5.9 

- 

59 

- 

TTL  Loads 
(Bus  Driver) 

V,L 
or 

Vim 

V,L 

or 
V,„ 

4.5 

3.98 

3.84 

I 

3.7 

V 

-6 

4.5 

3  98 

3  81 

3.7 

-7  8 

6 

5  48 

5  34 

5  2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V,l 

or 

Vim 

0.02 

2 

0.1 

0.1 

0.1 

Vu. 
or 
V,„ 

4.5 

- 

- 

0.1 

- 

0.1 

- 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 
(Bus  Driver) 

Va. 
or 

Vim 

Vil 
or 
V,„ 

4.5 

0.26 

033 

0.4 

V 

6 

4.5 

026 

0.33 

0.4 

78 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  li 

Vcc 

or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 

and 

Gnd 

5.5 

±0.1 

±1 

±1 

fA 

Quiescent  Device 
Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

«A 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc  -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

fA 

3-State 
Leakage 

Current  loz 

V,L 

or 
V,„ 

V„=Vcc 
or 
Gnd 

6 

±0.5 

±5 

±10 

V,L 
or 

V,„ 

5.5 

±0.5 

±5 

±10 

„A 

I 


*  For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

nA,  nOE 

1 

"Unit  Load  Is  Alcc  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  fiA.  max.  @  25°C. 
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Technical  Data 


CD54/74HC125 
CD54/74HCT125 


SWITCHING  CHARACTERISTICS  (Vcc=5  V,  Ta=25°C,  Input  t„  t,=6  ns) 


c 

TYPICAL 

CHARACTERISTIC 

HC 

HCT 

UNITS 

Propagation  Delay  Time:  (Fig.  2) 
nA  to  nY 

tpHL 
tpLH 

15 

8 

10 

Output  Enabling  Time 

tpZL,  tpZH 

15 

10 

10 

ns 

Output  Disabling  Time 

tpLZ,  tpHZ 

15 

10 

11 

Power  Dissipation  Capacitance* 

CpD 

29 

34 

PF 

*CpD  is  used  to  determine  the  dynamic  power  consumption,  per  channel.  PD-VCc2fi  (Cpd+Cl)  where:  fi=input  frequency 

Ci_=load  capacitance 
VCc=supply  voltage 

SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  !„  t,=6  ns) 


25 

>C 

-40°C  to  +85°C 

-55°C  to 

+125 

°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Mln. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

100 

125 

150 

Time  nA  to  nY 

tpHL 

4.5 

20 

25 

25 

31 

30 

38 

(Fig.  2) 

6 

17 

21 

26 

Enable  Delay 

tpZH 

2 

125 

155 

190 

Time 

tpZL 

4.5 

25 

25 

31 

31 

38 

38 

(Fig.  2) 

6 

21 

26 

32 

Disable  Delay 

tpHZ,  tpLZ 

2 

125 

155 

190 

ns 

Time 

4.5 

25 

28 

31 

35 

38 

42 

6 

21 

26 

32 

Output  Transition 

tTLH 

2 

60 

75 

90 

Time 

tTHL 

4.5 

12 

12 

15 

15 

18 

18 

6 

10 

13 

15 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

3-State  Ouput 

Co 

20 

20 

20 

20 

20 

20 

PF 

Capacitance 

•4    U—     -»t   f«  If  =  6ns 


-■  90% 

vs 

10% 


PHL 

92CS-3853IRI 


TPUTS  -U     OUTPUTS    -J-  O 


92CS-39806 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  —  Transition  and  propagation  delay  times. 
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CD54/74HCT125 


OTHER 
INPUTS 
Oiad 


IC  WITH 
3-STOTE 
OUTPUT 


Fig.  3  - 


OUTPUT  R,  =lhr 


L*'"n    Vrr  lor  t„  7  ond  t. 


I  VA  O 

50  pF 


'CC  "*  'PLZ  "~  'PZL 
GNDfortpHZ  """'PZH 


92CS-55I30RZ 
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Technical  Data 


CD54/74HC126 
CD54/74HCT126 


File  Number  1772 


High-Speed  CMOS  Logic 


Type  Features: 

■  Separate  output  enable  inputs 

■  3-state  outputs 


FUNCTIONAL  DIAGRAM 


The  RCA  CD54/74HC126  and  CD54/74HCT126  contain 
four  independent  3-state  buffers,  each  having  its  own  out- 
put enable  input,  which  when  "low"  puts  the  output  in  the 
high-impedance  state. 

The  CD54HC/HCT1 26  are  supplied  in  14-lead  hermetic 
dual-in-line  ceramic  packages  (F  suffix).  The  CD74HC/ 
HCT126  are  supplied  in  14-lead  dual-in-line  plastic  pack- 
ages (E  suffix)  and  in  14-lead  dual-in-line  surface  mount 
plastic  packages  (M  suffix).  Both  types  are  also  available  in 
chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT/HCU:  -40  to  +85°C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity: 
W,l  =  30%,  W,H  =  30%  Of  Vcc;  @Vcc  =  5V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 
VIL  =  0.8  V  Max.,  Vm  =  2V  Min. 
CMOS  Input  Compatibility  /,,  <1fiA@  Vol,  Voh 


nAQ- 


— t>nis- 


-o-o^o-o-Uo 


TRUTH  TABLE 


Inputs 

Outputs 

nA 

nOE 

nY 

H 

H 

H 

L 

H 

L 

X 

L 

Z 

92CS-39802 


Fig.  1  -  Logic  Diagram 


H  =  High  Level 
L  =  Low  Level 
X  =  Don't  Care 

Z  =  High  Impedance  (Off-State) 


 Technical  Data 


CD54/74HC126 
CD54/74HCT126 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 

DC  SUPPLY- VOLTAGE,  (Vcc): 
(Voltages  referenced  to  ground)  


-0.5  to  +7  V 




DC  INPUT  DIODE  CURRENT,  ll  (FOR  V,  <-0.5  V  OR  V,  >  Vcc  +  0.5  V)  ±20mA 

DC  OUTPUT  DIODE  CURRENT.  Iok  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +  0.5  V)  ±35mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±70mA 




POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T«  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  TA  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E  M   -40  to  + 

STORAGE  TEMPERATURE  (T,„)  

LEAD  TEMPERATURE  (DURING  SOLDERING): 
At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max. 
Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 








-65  to+150°C 


.  +265  °C 


.  +300  °C 


RECOMMENDED  OPERATING  CONDITIONS: 


For  maximum  re 
the  following  ran 


I  conditions  should  be  selected  so  that  operation  is  always  within 


CHARACTERISTIC 


LIMITS 


MIN. 


MAX. 


UNITS 


Supply-Voltage  Range  (For  Ta  =  Full  Package-Temperature  Range)  Vcc:' 
CD54/74HC  Types 
CD54/74HCT  Types 


2 

4.5 


6 

5.5 


DC  Input  or  Output  Voltage  V,,  Vo 


Vcc 


Operating  Temperature  TA: 
CD74  Types 
CD54  Types 


-40 
-55 


Input  Rise  and  Fall  Times  t„  tf 
at  2  V 
at  4.5  V 
at  6  V 


+85 
+125 


1000 
500 
400 


"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


lOE   

1 

14 

vcc 

1 A   

2 

13 

40E 

1  r   

3 

1  2 

4  A 

2  0E   

4 

II 

4  Y 

20   

5 

10 

3  OE 

2V   1 

t 

9 

3A 

GND   

7 

e 

3V 

TERMINAL  ASSIGNMENT 
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Technical  Data  

CD54/74HC126 
CD54/74HCT126 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC126/CD54HC126 

CD74HCT126/CD54HCT126 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 
IDA 

Vcc 
V 

+2S'C 

-40/ 
+85°C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+2S°C 

-40/ 
+85°C 

-55/ 
+125,,C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  ViH 

2 

1.5 

_ 

— 

1.5 

— 

1.5 

_ 

- 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

— 

— 

3.15 

— 

3.15 

_ 

6 

4,2 

— 

_ 

4.2 

— 

42 

- 

Low-Level 

Input  Voltage  V,L 

2 

_ 

0.5 

— 

0.5 

_ 

0.5 

- 

4.5 
to 
5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

Vil 
or 
v,„ 

-0.02 

2 

9 

1.9 

1.9 

V«. 
or 
V,„ 

4.5 

44 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5  9 

- 

- 

5.9 

- 

59 

- 

TTL  Loads 
(Bus  Driver) 

ViL 

or 
V,« 

V,L 

or 
V« 

4.5 

3.98 

" 

3.84 

" 

3.7 

" 

V 

-6 

4.5 

3.96 

3.84 

3.7 

-7.8 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

v«. 

or 
V,„ 

0.02 

2 

0.1 

0.1 

0.1 

Vn 
or 

V,H 

4.5 

- 

- 

0  1 

- 

0.1 

- 

01 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 
(Bus  Driver) 

V|L 

or 

V,H 

V,L 

or 

v,„ 

4.5 

0.26 

0.33 

0.4 

V 

6 

4.5 

0.26 

0.33 

0.4 

7.8 

6 

0.26 

0.33 

0  4 

Input  Leakage 
Current  I 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 

and 

Gnd 

5.5 

±0.1 

±1 

±1 

*iA 

Quiescent 
Device 

Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 

Vcc  -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

//A 

3-State 
Leakage 

Current  l0z 

V,L 
or 
V,„ 

V„=Vcc 
or 
Gnd 

6 

±0.5 

±5 

±10 

V,L 

or 
V,H 

5.5 

±0.5 

±5 

±10 

//A 

'  For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1.8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

nA,  nOE 

1 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 //A  max.  @  25°C. 
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CD54/74HC126 
CD54/74HCT126 


SWITCHING  CHARACTERISTICS  (Vcc=5  V,  Ta=25°C,  Input  t„  t,=6  ns) 


C 

TYPICAL 

CHARACTERISTIC 

PF 

SYMBOL 

HC 

HCT 

UNITS 



Propagation  Delay 
Data  to  Outputs 

15 

tpHLi  tp|_H 

8 

9 

Output  Enabling  Time 

15 

tpZL,  tpZH 

10 

10 

ns 

Output  Disabling  Time 

15 

tpLZ,  tpHZ 

10 

11 

Power  Dissipation  Capacitance* 

CpD 

30 

36 

PF 

'Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  multiplexer. 
Po=Vcc2  fi  (Cpd+Cl)  where:  fi=input  frequency 
CL=load  capacitance 
Vcc=supply  voltage 


SWITCHING  CHARACTERISTICS  (C=50  pF,  Input  t„  t,=6  ns) 


25 

»c 

-40°C  to  +85°C 

-55°C  to 

+125 

°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

100 

125 

150 

Data  to  Outputs 

tpHL 

4.5 

20 

24 

25 

30 

30 

36 

6 

17 

21 

36 

Enable  Delay 

tpZH 

2 

125 

155 

190 

Times 

tpZL 

4.5 

25 

25 

31 

31 

38 

38 

6 

21 

26 

32 

Disable 

tpHZ 

2 

125 

155 

190 

ns 

Delay  Times 

tpLZ 

4.5 

25 

28 

31 

35 

38 

42 

6 

21 

26 

32 

Output  Transition 

tTLH 

2 

60 

75 

90 

Time 

tTHL 

4.5 
6 

12 
10 

12 

15 
13 

15 

18 
15 

18 

Input  Capacitance 

c. 

10 

10 

10 

10 

10 

10 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

pF 

tr=  6ns  — »■ 


DISCONNECTED 


CONNECTED 
S2CS-3980I 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  —  Transition  and  propagation  delay  times. 


OTHER 
INPUTS 
(lint 

OUTPUT 


IC  WITH 
3 -STATE 
OUTPUT 


OUTPUT  RL'l»n 


"PZL 
"PZH 


92CS-35I30R2 


Fig.  3  -  Three-slate  propagation  delay  test  circuit. 


File  Number  1649 
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CD54/74HC132 
CD54/74HCT132 


High-Speed  CMOS  Logic 


trA 


FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


Quad  2-lnput 

Type  Features: 

■  Unlimited  input  rise  and  fall  times 

■  Exceptionally  high  noise  immunity 


Schmitt 


The  RCA-CD54/74HC132  and  CD54/74HCT132  each  con- 
tain four  2-input  NAND  Schmitt  Triggers  in  one  package. 

The  CD54HC1 32  and  CD54HCT132  are  supplied  in  1 4-lead 
ceramic  dual-in-line  packages  (F  suffix).  The  CD74HC132 
and  CD74HCT132  are  supplied  in  14-lead  dual-in-line 
plastic  packages  (E  suffix)  and  in  14-lead  dual-in-line 
surface  mount  plastic  packages  (M  suffix).  Both  devices  are 
also  available  in  chip  form  (H  suffix). 


«cc- 


«cc- 


«0 


LOGIC  DIAGRAM 


92CS-38465R 


V0 


vH  =  vT-vT 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

m  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 
High  Noise  Immunity: 

Nil  =  37%,  Nih  =  51%  of  Vcc:  @  VCc  =  5  V 
CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

y,L  =  0.8  V  Max.,  VIH  =  2V  Min. 
CMOS  Input  Compatibility 
/,  <  7  pA@  Vol,  Voh 


VT 


I 

4- 


TRUTH  TABLE 


vcc 


-v0 


INPUTS 

OUTPUTS 

nA 

nB 

nY 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 

L 

H  =  High  level 
L  =  Low  level 


Fig.  1  -  Hysteresis  definition,  characteristic,  and  test  setup. 
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Technical  Data 


CD54/74HC132 
CD54/74HCT132 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l,K  (FOR  V,< -0.5  V  OR  V,>  Vcc +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  l0K  (FOR  V„< -0.5  V  OR  V„>  Vcc +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (lcc)  ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  TA  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/'C  to  300  mW 

ForTA  =  -55  to  +100°  C  (PACKAGE  TYPE  F.  H)    500  mW 

ForT,  =  -1-1 00  to  -  125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/'C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F.  H   -55  to  t125°C 

PACKAGE  TYPE  E,  M   -40  to +85°  C 

STORAGE  TEMPERATURE  (Tslg)   -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°c 
°c 

Input  Rise  and  Fall  Times  t„  t, 
at2V 
at  4.5  V 
at  6  V 

0 
0 
0 

Unlimited 
Unlimited 
Unlimited 

ns 
ns 
ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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 Technical  Data 

CD54/74HC132 
CD54/74HCT132 


STATIC  ELECTRICAL  CHARACTERISTICS 

CD74HC132/CD54HC132 


CD74HCT132/CD54HCT132 


CHARACTERISTIC 


TEST 
CONDITIONS 


mA 


vcc 

V 


74HC/54HC 
TYPE 


74HC 
TYPE 


-40/ 
♦85°  C 


54HC 
TYPE 


-55/ 
♦  125°C 


TEST 
CONDITIONS 


74HCT/S4HCT| 
TYPE 


V 


«cc 

V 


74HCT 
TYPE 


-40/ 
+85°  C 


54HCT 
TYPE 


-55/ 
+125°C 


Input  Switch 
Points  VT* 


vH 


High-Level  Output 
Voltage  Voh 
CMOS  Loads 


or 


Low-Level  Output 
Voltage  Vol 
CMOS  Loads 


vr 

or 


or 


Input  Leakage 
Current 


vcc 


Any 
Voltage 
Between 

Vcc and 
Gnd 


Quiescent 
Device 

Current  Iqq 


VCC 


VCC 


Additional  Quies- 
cent Device 
Current  per 
Input  Pin: 

1  Unit  Load  AICC* 


Win  Typ  Max 


VCC-21 


■For  dual-supply  systems  theoretical  worst  case  (V,  -  2.4  V,  Vcc  =  5  5  v)  specification  is  1.8  mA. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

nA,  nB 

0.6 

"Unit  load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  //A  max.  @  25°C. 
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Technical  Data 


CD54/74HC132 
CD54/74HCT132 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25° C,  Input  t„  tt  =  6  ns) 


CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

(PF) 

HC 

HCT 

Propagation  Delay 
A,  B  to  Y 

tpLH 
tpHL 

15 

10 

13 

ns 

Power  Dissipation  Capacitance 

Cpo 

30 

30 

PF 

CpD  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 

Pd  =Vco'  fi  (Cpd  +  CL)  where: 

fi  =  input  frequency 

Cl  =  output  load  capacitance 

Vcc  '  supply  voltage 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  tr,t|  =  6  ns) 


TEST 

+25°  C 

-40°  C  to +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

VCC  (V) 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 
A,  B  to  Y 

tpLH 
tpHL 

2 

4.5 
6 

125 
25 
21 

33 

156 
31 

27 

41 

188 
38 
32 

50 

ns 

Output 

Transition  Time 

tlLH 
tTHL 

2 
4.5 
6 

75 
15 
13 

15 

95 
19 
16 

19 

110 
22 
19 

22 

ns 

Input  Capacitance 

C 

10 

10 

10 

10 

10 

10 

PF 

I N  PUT 
LEVEL 


90  %■ 

OUTPUT  Vs 


L  90  7. 

r 


54/74HC 

54/74HCT 

INPUT  LEVEL 

3V 

VS 

50  %  VCC 

i  i  V 

92CS-3694BRI 


Fig.  2  -  Transition  times  and  propagation  delay  times. 
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Technical  Data 


File  Number  1477 


CD54/74HC138,  CD54/74HCT138 
CD54/74HC238,  CD54/74HCT238 


High-Speed  CMOS  Logic 


3-to-8  Line  Decoder/Demultiplexer 
Inverting  and  Non-Inverting 


Type  Features: 

■  Select  one  of  eight  data  output  [active  LOW  for  138, 
active  HIGH  for  238] 

■  I/O  port  or  memory  selector 
m  3  Enable  Inputs  to  simplify  cascading 
m  Typical  propagation  delay  of  13ns  @  Vcc  =  5  V,  CL  =  15  pF,  TA  = 


The  RCA-CD54/74HC1 38.238  and  CD54/74HCT138.238 
are  high  speed  silicon  gate  CMOS  decoders  well  suited  to 
memory  address  decoding  or  data  routing  applications. 
Both  circuits  feature  low  power  consumption  usually  as- 
sociated with  CMOS  circuitry,  yet  have  speeds  comparable 
to  low  power  Schottky  TTL  logic.  Both  circuits  have  3 
binary  select  inputs  (A0,  Ai,  and  A2).  If  the  device  is  enabled 
these  inputs  determine  which  one  of  the  eight  normally  high 
outputs  of  the  HC/HCT138  series  will  go  low  or  which  of 
the  normally  low  outputs  of  the  HC/HCT238  series  will  go 
high. 

Two  active  low  and  one  active  high  enables  (Ei,  E2,  and  E3) 
are  provided  to  ease  the  cascadi  ng  of  decoders.  The  decod- 
er's outputs  can  drive  10  low  power  Schottky  TTL  equival- 
ent loads. 

The  CD54HC138,238and  CD54HCT138.238  are  supplied  in 
16-lead  hermetic  dual-in-line  ceramic  packages  (F  suffix). 
The  CD74HC138.238  and  CD74HCT138.238  are  supplied  in 
16-lead  dual-in-line  plastic  packages  (E  suffix)  and  in  16- 
lead  dual-in-line  surface  mount  plastic  packages  (M  suffix). 
Both  types  are  also  available  in  chip  form  (H  suffix). 


+25°  C 


Family  Features: 

■  Fanout  [Over  Temperature  Range]: 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 
m  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

m  Alternate  Source  is  Philips/Signetics 
m  CD54HCCD74HC  Types: 
2  to  6  V  Operation 

High  Noise  Immunity:  N,^  30%.  W,H=30%  of  Vcc 
@  Vcc=5  V 

■  CD54HC TICD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,l=0.8  V  Max..  V,„=2  V  Mm. 
CMOS  Input  Compatibility 

I,  <  1  „A  @  Vou  V0H 


 1 


92CS- 369  '2 


Fig.  1  —  Logic  Diagram  for  HC/HCT  138 
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Technical  Data  

CD54/74HC138,  CD54/74HCT138 
CD54/74HC238,  CD54/74HCT238 


Fig.  2  —  Logic  Diagram  for  HC/HCT  238 


TRUTH  TABLE 
CD54/74HC138,  CD54/74HCT138 


INPUTS 

OUTPUTS 

ENABLE 

ADDRESS 

E3 

E2 

E1 

A2 

A1 

AO 

¥0 

Y1 

V2 

Y3 

V4 

Y5 

YS 

Y7 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H  =  High  level.  L  =  low  level.  X  =  don't  care 


TRUTH  TABLE 
CD54/74HC238,  CD54/74HCT238 


INPUTS 

OUTPUTS 

ENABLE 

ADDRESS 

E3 

E2 

E1 

A2 

A1 

AO 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

X 

H 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

X 

H 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

H 

L 

l. 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

H 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

H  =  High  level,  L  =  low  level,  X  =  don't  care 
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Technical  Data 


CD54/74HC138,  CD54/74HCT138 
CD54/74HC238,  CD54/74HCT238 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 

DC  SUPPLY-VOLTAGE,  (Vcc): 
(Voltages  referenced  to  ground)   







::::::: 

.  Derate  Linearly  at 


-0.5  to  +  7  V 
...  ±20mA 
. . .  ±20mA 
. . .  ±25mA 
. . .  ±50mA 


  500  mW 

8mW/°Cto300mW 


DC  INPUT  DIODE  CURRENT.  I,»  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)  

DC  OUTPUT  DIODE  CURRENT.  I0K  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5V)  .... 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  ♦  0.5V)  

DC  Vcc  OR  GROUND  CURRENT  (Ice)   

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   

For  T.  =  +60  to  +85°  C  (PACKAGE  TYPE  E)   

For  T.  =  -55  to  +100°  C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T,  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  F.  H  i   -55tO+125°C 

PACKAGE  TYPE  E,  M    -40to+85°C 

STORAGE  TEMPERATURE  (T,w)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  —  Full  Package  Temperature  Range)  Vcc:' 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,„,  Voll, 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+  125 

■c 

Input  Rise  and  Fall  Times  t,,  t. 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


I  ALL  Y'i  ARE  Y'» 
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JffftWifkPfllffcAL  CHARACTERISTICS 


CD74HC138/238.  CDS4HC138/238 


TEST 
CONDITIONS 


CHARACTERISTIC 


mA 


74HC/54HC 
TYPES 


Min   Typ  Max 


74HC 
TYPES 


-40/ 
♦85°  C 


54HC 
TYPES 


-55/ 
♦  125°C 


CD74HCT138/238,  CD54HCT1 38/238 


TEST 
CONDITIONS 


74HCT/54HCT 
TYPES 


Min  Typ  Max 


74HCT 
TYPES 


-40/ 
♦85"  C 


S4HCT 
TYPES 


-55/ 
»125°C 


High-Level 

Input  Voltage  V„, 


Low-Level 

Input  Voltage  V,. 


High-Level 
Output  Voltage  V„, 
CMOS  Loads 


V„ 


Low-Level 

Output  Voltage  V„. 
CMOS  Loads 


Input  Leakage 
Current  I, 


Any 
Voltage 
Between 


Quiescent 
Device 

Current  I,-, 


Additional 

Quiescent 

Device  Current 

per  input  pin 

1  unit  load  Alcc' 


'For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

A0-A2 
El.  E2 
E3 

1.5 
1.25 
1 

•Unit  Load  is  ai«  limit  specified  in  Static  Characteristic  Chart. 

e.g..  360 pA  max.  @  25°C 
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 Technical  Data 

CD54/74HC138,  CD54/74HCT138 
CD54/74HC238,  CD54/74HCT238 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25°  C,  C  =  15  pF,  Input  I,  t.  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

Typical 

HC 

HCT 

Unit 

Propagation  Delay,  Address  to  Output  Y  (C=15  pF) 
(Fig.  3) 

tpLH 
tpHL 

13 

14 

ns 

Power  Dissipation  Capacitance- 

67 

67 

pF 

*Cpd  is  used  to  determine  the  dymamc  power  consumption,  per  package 
PD=VCc2  fi  (Cpd  +  CL)  where    f,  =  input  frequency 

cL     output  load  capacitance 
V„     supply  voltage 


SWITCHING  CHARACTERISTICS  (CL  =  SO  pF,  Input  tr,tf  =  6  ns) 


TEST 

+25°  C 

-40°  Cto  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

VCC  (V) 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Propagation  Delay 

tPLH 

2 

150 

190 

225 

Address  to  Output 

tpHL 

4.5 

30 

35 

38 

44 

45 

53 

ns 

(Fig.  3) 

6 

26 

33 

36 

Propagation  Delay, 

tPLH 

2 

150 

190 

225 

Enable  to  Output 

tpHL 

4.5 

30 

35 

38 

44 

45 

53 

ns 

(Fig.  3)  HC/HCT138 

6 

26 

33 

38 

Propagation  Delay 

tPLH 

2 

175 

220 

265 

Enable  to  Output 

tPHL 

4.5 

35 

40 

44 

50 

53 

60 

ns 

(Fig.  4)  HC/HCT238 

6 

30 

37 

45 

Output 

tTLH 

2 

75 

95 

110 

Transition  Times 

t-THL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

■ 


tr  =6  ns- 


tf  =  6  ns 


4-  V  90% 

J  10% 


'  'PLHp— 

92CS- 36974 

Fig.  3  —  Transition  limes  and  propagation  delay  times. 


,NPUT 


mm 


— 


 vs 

 GNO 


1  h"~'TLH 

-/  90% 


'PLH~ 

^TV  90  % 


'PHLr*~ 

92CS- 37(97 


Fig.  4  —  Transition  times  and  propagation  delay  times. 


54/74HC 

54/74HCT 

54/74HC 

54/74HCT 

INPUT  LEVEL 

Vcc 

3V 

INPUT  LEVEL 

vcc 

3V 

Vs 

50%  Vcc 

1.3V 

Vs 

50%  Vcc 

1.3V 
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File  Number  1545 


High-Speed  CMOS  Logic 


4  (121 

YO 

5(11) 

6  (10) 

7  (9) 

92CS-3788IRI 


FUNCTIONAL  DIAGRAM 


Dual  2-to-4  Line  Decoder/Demultiplexer 


Type  Features: 

■  Multifunction  Capability 

Binary  to  1-o/-4  Decoders  or 
1-to-4  Line  Demultiplexer 

■  Active  Low  Mutually  Exclusive  Outputs 

Applications: 

■  Memory  Decoding 

■  Data  Routing 

■  Code  Conversion 


The  RCA-CD54/74HC139  and  CD54/74HCT139  contain 
two  independent  binary  to  one-of-four  decoders  each 
with  a  single  active  low  enable  input  (1 E,  or  2E).  Data  on 
the  select  inputs  (1  AO  and  1 A1  or  2A0  and  2A1 )  cause  one 
of  the  four  normally  high  outputs  to  go  low. 

If  the  enable  input  is  high  all  four  outputs  remain  high. 
For  demultiplexer  operation  the  enable  input  is  the  data 
input.  The  enable  input  also  functions  as  a  chip  select 
when  these  devices  are  cascaded.  This  device  is 
functionally  the  same  as  theCD4556B  and  is  pin  compatible 
with  it. 

The  outputs  of  these  devices  can  drive  10  low  power 
Schottky  TTL  equivalent  loads.  The  54/74HCT  logic 
family  is  functionally  as  well  as  pin  equivalent  to  the 
54/74LS  logic  family. 

The  CD54HC139  and  CD54HCT139  are  supplied  in  16- 
lead  hermetic  dual-in-line  ceramic  packages  (F  suffix). 
The  CD74HC139  and  CD74HCT139  are  supplied  in  16- 
lead  dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead 
dual-in-line  surface-mount  plastic  packages  (M  suffix). 
Both  types  are  also  available  in  chip  form  (H  suffix). 


.  „  7(9) 

OHM3" 


92CS-3  7880 


Fig.  1  -  Logic  diagram  for  the  CD54/74HC/HCT139. 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 
m   Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  W,L  =  30%,  N,H  =  30%  of  VCc 
@  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  Max.,  V|H  =  2  V  Min. 
CMOS  Input  Compatibilitv 

/,  <  1  iiA  @  Vol.  Voh 

TRUTH  TABLE 


Inputs 
Enable  Select 

Outputs 

E 

A1 

AO 

Y3 

Y2 

Y1 

Y0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

X 

X 

1 

1 

1 

1 

X  =  Don't  Care 


Logic  1  =  High 
Logic  0  =  Low 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0-5 ,0  +7  v 

DC  INPUT  DIODE  CURRENT,  fat  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)   ±20  mA 





 ±20  mA 

 ±25  mA 

±50  mA 


.... 


DC  OUTPUT  DIODE  CURRENT,  U  (FOR  V0  <  -0.5  V  OR  VD  >  Vcc  +0.5  V)  

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  Vo  <  VCc  +0.5  V)  

DC  Vcc  OR  GROUND  CURRENT.  (Ice):  

POWER  DISSIPATION  PER  PACKAGE  (PD): 

ForT,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

ForT,  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

ForT*  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

ForT,  =  +100  to  +125°C  (PACKAGE  TYPE  F.  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -40  to  +70-C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F.  H  -55  to  +  125°C 

PACKAGE  TYPE  E,  M  -40to+85°C 

STORAGE  TEMPERATURE  (T.„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING)  : 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  In.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300° C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  Vi,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

•c 
•c 

Input  Rise  and  Fall  Times,  t,,  tf 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


■iivee 

1M-2. 

,A,-i 

ii  2A0 

m>JL 

m  — 

ii  2V0 

fY2  -i 

—  2Y1 

22  2v5 

8 

GND   

—  rn 

5IGNMENT 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC139/CD54HC139 

CD74HCT139/CD54HCT139 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-5S/ 
+125°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  v.. 

2 

1.5 

- 

- 

1  5 

- 

1.5 

- 

- 

45 

to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

— 

— 

3.15 

- 

3  15 

- 

6 

4.2 

— 

— 

4.2 

- 

42 

- 

Low-Level 

Input  Voltage  Vn 

2 

- 

0.5 

— 

0.5 

- 

05 

- 

45 
to 

5.5 

08 

08 

08 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1  8 

1.8 

High-Level 
Output  Voltage  Von 
CMOS  Loads 

V,i 
or 

V« 

-0  02 

2 

1  9 

19 

19 

Va 

or 
v,„ 

45 

4.4 

4  4 

4  4 

V 

4  5 

4.4 

44 

4  4 

6 

59 

- 

59 

- 

59 

- 

TTL  Loads 

V,L 

or 

V,„ 

v„ 

or 

V,„ 

45 

398 

384 

3  7 

V 

.  Hi 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

548 

534 

52 

Low-Level 

Output  Voltage  vol 
CMOS  Loads 

V,t 
or 
V,„ 

0.02 

2 

01 

01 

0  1 

Vn 
or 

v,„ 

4  5 

0  1 

0  1 

0  1 

V 

45 

01 

0  1 

0  1 

6 

0.1 

01 

0  1 

TTL  Loads 

V, 
or 

V,„ 

v» 

or 

V„ 

4.5 

0.26 

0  33 

04 

V 

4 

4.5 

0.26 

0.33 

0.4 

5  2 

6 

0  26 

033 

04 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

10.1 

+1 

+1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

55 

♦0.1 

11 

±1 

„A 

Quiescent 
Device 

Current  lcc 

Vcc 
or 

Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

M 

Additional 

Ouiescent 

Device  Current 

per  input  pin: 

1  unit  load      A  Ice* 

Vcc-2  1 

45 
to 
55 

100 

360 

450 

490 

Z-A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  *  5  5  V)  specification  is  1  8  mA 


HCT  Input  Loading  Table 


Input 

Unit  Loads  * 

All 

0.7 

e.g.,  360  //A  max.  @  25°  C. 


Technical  Data 


CD54/74HC139 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°C,  Input  t„  t.  =  6  ns) 


1  1 

CHARACTERISTIC 

Cl 
(PF) 

SYMBOL 

Typical 

UNITS 

54/74HC 

54/74HCT 

Propagation  Delay 

Select  to  Output 

15 

tpHL 
tpLH 

12 

14 

ns 

Enable  to  Output 

15 

11 

14 

ns 

Power  Dissipation  Capacitance* 

Cpd 

59 

PF 

'Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  decoder/demux. 
Pd  =  Vcc2  f,  (Cpo  +  CL)  where: 
fi  =  input  frequency 
CL  =  output  load  capacitance, 
Vcc  =  supply  voltage. 


SWITCHING  CHARACTERISTICS  <CL  =  50  pF,  Input  t„ 


t,  =  6  nt) 


25°  C 

-40°Cto  +85°  C 

-55°Cto  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tpLH 

2 

145 

180 

220 

AO,  A1  to  Outputs 

tPML 

4.5 

29 

34 

36 

43 

44 

51 

ns 

6 

25 

31 

38 

tPLH 

2 

135 

170 

205 

E  to  Outputs 

4.5 

27 

34 

34 

43 

41 

51 

ns 

6 

23 

29 

35 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tlHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

I 
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-6m — "H  — |-» -t(  =  6ns 

f  \   90% 

r  e        /  \   vs 

 /  V   !0% 


t,  =  6ns   |NPUT  LEvEL 

J- 


TL6 


•PLH— H  -"^  "™  'PHL 

—        7f  V  » 

OUTPUT  Y3  /  \  VS 

 =aC  V  'Q 

'TLH- *1    r*~  — -J  r~ -'THL 


 90% 

 Ys 

—  10% 


THL 

92CS-36972R2 


90  %   

vs    —  - 


Vs  


10%  


INPUT 
LEVEL 


Al 

■  GND 


•tlh 

92CS-376B2 


Transition  times  and  propagation  delay  times. 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  V. 

50%Vcc 

1.3  V 
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High-Speed  CMOS 


9  

7  

6  

_14  

vcc= 

GND 

92CS-3983I 

Y0 


-Yi 


Type  Features: 

■  Buffered  inputs  and  outputs 

■  Typical  CD54/74HC1 47  propagation 
@  Vcc=5  V,  CL=15  pF,  T„=25°C 


FUNCTIONAL  DIAGRAM 


13ns 


The  RCA-CD54/74HC147  and  CD54/74HCT147  are  high- 
speed silicon-gate  CMOS  devices  and  are  pin-compatible 
with  low  power  Schottky  TTL  (LSTTL). 

The  CD54/74HC147  and  CD54/74HCT147  9-input  priority 
encoders  accept  data  from  nine  active  LOW  inputs  (li  to  l9) 
and  provjde  binary  representation  on  the  four  active  LOW 
outputs  (Y0  to  Y3).  A  priority  is  assigned  to  each  input  so  that 
when  two  or  more  inputs  are  simultaneously  active,  the 
input  with  the  highest  priority  is  represented  on  the  output, 
with  input  line  l9  having  the  highest  priority. 
These  devices  provide  the  10-line  to  4-line  priority  encod- 
ing function  by  use  of  the  implied  decimal  "zero".  The 
"zero"  is  encoded  when  all  nine  data  inputs  are  HIGH, 
forcing  all  four  outputs  HIGH. 

The  CD54HC/HCT147  are  supplied  in  16-lead  hermetic 
dual-in-line  ceramic  packages  (F  suffix).  The  CD74HC/ 
HCT147  are  supplied  in  16-lead  dual-in-line  plastic  pack- 
ages (E  suffix)  and  in  16-lead  dual-in-line  surface-mount 
plastic  packages  (M  suffix).  Both  types  are  also  available  in 
chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT/HCU:  -40  to  +85°C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity:  Nil  =  30%,  W,H  =  30%  of  VCc, 
@VCC  =  5V 

CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 
IV  =  0.8V  Max..  V,„  =  2  V  Min. 
CMOS  Input  Compatibility  /,  <  1  fjA  @  Vol,  I/oh 


92CS-39830 

TERMINAL  ASSIGNMENT 
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92CM- 39833 


Fig.  1  -  Logic  Diagram 


TRUTH  TABLE 


Inputs 

Outputs 

I  , 

I  2 

I  3 

I  4 

I  5 

I  6 

I  7 

I  8 

I  9 

Y3 

Y2 

Y, 

Yo 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

H 

H 

L 

X 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

L 

L 

L 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

L 

L 

H 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H  =  High  Logic  Level,  L  =  Low  Logic  Level,  X  =  Irrelevant. 


 Technical  Data 

CD54/74HC147 
CD54/74HCT147 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  |w  (FOR  V,  <-0.5  V  OR  V,  >  Vcc  +  0.5  V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5V  <  Vo  <  Vcc  +  0  5  V)  +  25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  T«  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40to+85°C 

STORAGE  TEMPERATURE  (T.,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  +  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  T»: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°c 

Input  Rise  and  Fall  Times  t„  t( 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC147/CD54HC147 

CD74HCT147/CD54HCT147 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

la 
mA 

Vcc 
V 

+25°C 

-40/ 
+85°C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°C 

-40/ 
+85°C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  VIM 

2 

1.5 

— 

— 

1.5 

_ 

1.5 

— 

- 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

— 

— 

3  15 

— 

3  15 

— 

6 

4.2 

— 

— 

4  2 

— 

4.2 

— 

Low-Level 

Input  Voltage  V,L 

2 

— 

— 

0  5 

— 

0.5 

_ 

0.5 

4.5 
to 

5.5 

0  8 

0.8 

0.8 

V 

4.5 

1  35 

1  35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Vox 
CMOS  Loads 

VIL 

or 
V,„ 

-0.02 

2 

1.9 

1.9 

19 

V,L 

or 

V,H 

4.5 

4.4 

i 

" 

4.4 

1 

4.4 

" 

V 

4.5 

4.4 

4.4 

4.4 

6 

5  9 

- 

- 

5  9 

- 

TTL  Loads 

V|L 

or 
V,„ 

Vil 
or 

V,M 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V* 
or 
v,„ 

0.02 

2 

0.1 

0.1 

0.1 

V|L 

or 
Vi» 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,L 

or 
V,„ 

Vil 
or 
V,„ 

4.5 

0  26 

0.33 

0.4 

V 

4 

4  5 

0.26 

0  33 

04 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  li 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 

and 

Gnd 

5.5 

±0.1 

±1 

±1 

//A 

Ouiescent  Device 
Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

6 

80 

160 

fA 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc  -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

fA 

•  For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  VCc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

'li.  '?i        '®1  '7 

U,  Is,  le,  U 

1.1 
1.5 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 //A  max.  @  25°C. 
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SWITCHING  CHARACTERISTICS  (Vcc=5  V,  TA=25°C,  Input  t„  t,=6  ns) 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1) 
(G.-15  pF) 

tpLH 
tpHL 

13 

14 

ns 

Power  Dissipation  Capacitance 

CpD 

32 

42 

pF 

*Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
PD=Vcc2fi  (Cpd  +  CL)  where  fi=  input  frequency 

CL=output  load  capacitance 
VCc=supply  voltage 


SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  t„  t,=6  ns) 


25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

160 

200 

240 

Input  to  Output 

tpHL 

4.5 

32 

35 

40 

44 

48 

53 

ns 

(Fig.  1) 

6 

27 

34 

41 

Transition  Times 

tTLH 

2 

75 

95 

110 

(Fig.  1) 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input 

Capacitance 

c, 

10 

10 

10 

10 

10 

10 

pF 

9ZCS-37974RI 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 


Technical  Data 


CD54/74HC151 
CD54/74HCT151 


File  Number  1645 


High-Speed  CMOS  Logic 


8-lnput  Multiplexer 

Type  Features: 

■  Complementary  data  outputs 

■  Buffered  inputs  and  outputs 


FUNCTIONAL  DIAGRAM 


The  RCA  CD54/74HC151  and  CD54/74HCT1 51  are  single 
8-channel  digital  multiplexers  having  three  binary  control 
inputs,  SO,  S1  and  S2  and  an  active  low  enable  (E)  input.  The 
three  binary  signals  select  1  of  8  channels.  Outputs  are  both 
inverting  (Y)  and  non-inverting  (Y). 

The  CD54HC/HCT151  devices  are  supplied  in  16-lead 
ceramic  dual-in-line  packages  (F  suffix).  The  CD74HC/ 
HCT151  are  supplied  in  16-lead  dual-in-line  plastic  pack- 
ages (E  suffix)  and  in  16-lead  dual-in-line  surface  mount 
plastic  packages  (M  suffix).  Both  types  are  also  available  in 
chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over.  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m    Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICS 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:  Nil  =  30%,  N,H  =  30%  of  Vcc 
@VCC  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

W  =  0.8  V  Max.,  V,H  =  2V  Min. 
CMOS  Input  Compatibility 
/,  <  )  tiA  @  I'd,.,  Vom 


GNOO 


184 


.Technical  Data 


CD54/74HC151 
CD54/74HCT151 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

— 
E 

Si 

So 

lb 

K 

u 

I4 

Is 

ll 

I7 

— 
Y 

Y 

H 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

H 

L 

L 

l_ 

[_ 

L 

L 

x 

x 

x 

x 

x 

x 

x 

H 

L 

L 

L 

l_ 

L 

H 

x 

x 

x 

x 

x 

x 

x 

L 

H 

L 

L 

L 

H 

X 

L 

X 

X 

X 

X 

X 

X 

H 

L 

L 

L 

L 

H 

X 

H 

X 

X 

X 

X 

X 

X 

L 

H 

L 

L 

H 

L 

X 

X 

L 

X 

X 

X 

X 

X 

H 

L 

L 

L 

H 

L 

X 

X 

H 

X 

X 

X 

X 

X 

L 

H 

L 

L 

H 

H 

X 

X 

X 

L 

X 

X 

X 

X 

H 

L 

L 

L 

H 

H 

X 

X 

X 

H 

X 

X 

X 

X 

L 

H 

L 

H 

L 

L 

X 

X 

X 

X 

L 

X 

X 

X 

H 

L 

L 

H 

L 

L 

X 

X 

X 

X 

H 

X 

X 

X 

L 

H 

L 

H 

L 

H 

X 

X 

X 

X 

X 

L 

X 

X 

H 

L 

L 

H 

L 

H 

X 

X 

X 

X 

X 

H 

X 

X 

L 

H 

L 

H 

H 

L 

X 

X 

X 

X 

X 

X 

L 

X 

H 

L 

L 

H 

H 

L 

X 

X 

X 

X 

X 

X 

H 

X 

L 

H 

L 

H 

H 

H 

X 

X 

X 

X 

X 

X 

X 

L 

H 

L 

L 

H 

H 

H 

X 

X 

X 

X 

X 

X 

X 

H 

L 

H 

H  =  HIGH  voltage  level 
L  =  LOW  voltage  level. 
X  =  Don't  care. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT.  I,«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0  5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT.  I0«  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  ♦0.5  V)  ±20  mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V0  <  Vcc  +0.5  V)   ±25  m A 

DC  Vcc  OR  GROUND  CURRENT  (lCc):  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  <P„): 

For  T*  =  -40  to  ♦60" C  (PACKAGE  TYPE  E)   500  mW 

For  T,  1  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/'C  to  300  mW 

ForT,  =  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)    500  mW 

ForT,  =  *100  to  +  125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  TA  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

ForT,  =  +70  to +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F.  H   -55to+125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°C 

STORAGE  TEMPERATURE  (T„„)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING) 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 
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Technical  Data 


CD54/74HC151 
CD54/74HCT151 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC151/C054HC151 

CD74HCT151/CD54HCT151 

UNITS 

TEST 
CONDITIONS 

74MC/54HC 
TYPE 

74HC 
TYPE 

S4HC 
TYPE 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V. 
V 

lo 
mA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125"C 

V, 
V 

Vcc 
V 

*2S'C 

-40/ 
•85°  C 

-55/ 
*125°C 

Mln 

Typ 

Mix 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Mil 

Mln 

Mai 

Mln 

Max 

High-Levei 

Input  Voltage  V,„ 

2 

1.5 

- 

- 

1.5 

- 

1.5 

- 

4  5 

to 

5.5 

2 

2 

2 

V 

4.5 

3  15 

- 

- 

3  15 

- 

3.15 

- 

6 

4.2 

4  2 

4.2 

Low-Level 

Input  Voltage  V,L 

2 

0.5 

0.5 

0  5 

4.5 
to 
5  5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4.5 

- 

1  35 

1.35 

1.35 

6 

1  8 

18 

1  8 

High- Level 

Output  Voltage  V0H 
CMOS  Loads 

Vh. 
or 

V|H 

-0.02 

2 

19 

1.9 

19 

ViL 

or 

V|H 

4  5 

4.4 

- 

- 

4.4 

- 

4  4 

- 

V 

4.5 

4  4 

- 

- 

4  4 

4.4 

" 

6 

5.9 

5.9 

- 

5.9 

TTL  Loads 

V,L 

or 
V,„ 

Vn. 
or 
v,„ 

45 

398 

384 

3.7 

V 

-4 

4,5 

398 

384 

3.7 

-5.2 

6 

548 

5  34 

52 

Low- Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 
or 
V,„ 

002 

2 

0.1 

0  1 

0.1 

Ob 

or 
V,„ 

4.5 

0  1 

0.1 

0  1 

V 

4  5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,L 
or 
Vn 

VIL 
V,H 

4  5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

04 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

55 

±0.1 

±1 

±1 

//A 

Quiescent  Device 
Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

55 

8 

80 

160 

(/A 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc -21 

4.5 
to 
55 

100 

360 

450 

490 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1  8  mA 

HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS  * 

Select 

1.5 

Data 

0.45 

Enable 

0.3 

*  Unit  load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  //A  max.  @  25° C. 
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Technical  Data 


CD54/74HC151 
CD54/74HCT151 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times,  t„  t( 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T«  =  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

Cl 
PF 

SYMBOL 

TYPICAL  VALUES 

UNITS 

54/74HC 

54/74HCT 

Propagation  Delays 

Any  data  input  to  Y 

15 

tpLH 
tpHL 

14 

16 

ns 

Any  data  input  to  Y 

15 

tpLH/tpHL 

15 

15 

ns 

Any  select  to  Y 

15 

tpLH/tpHL 

15 

17 

ns 

Any  select  to  Y 

15 

tpLH/tpHL 

17 

18 

ns 

Enable  to  Y 

15 

tpLH/tpHL 

11 

12 

ns 

Enable  to~Y~ 

15 

tpLH/tpHL 

12 

15 

ns 

Power  Dissipation  Capacitance* 

Cpd 

59 

58 

PF 

*  Cpd  is  used  to  determine  the  dynamic  power  dissipation  per  device: 
Pd  =  Vcc2  f,  (Cpd  +  CL)  where: 
fi  =  input  frequency. 
CL  =  output  load  capacitance. 
Vcc  =  supply  voltage. 
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SWITCHING  CHARACTERISTICS  (C 


50  pF,  Input  t„  I,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

Vco 

25°  C 

-40°  C  tl 

)  +85° C 

-55° C  to 

+125°C 

UNITS 

HC 

HCT 

74I 

HC 

74H 

CT 

541 

HC 

54H 

CT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 
Any  Data  Input  to  Y 

tpLH 
tpHL 

2 

4.5 
5 

170 
34 

OQ 

38 

215 
43 
37 

48 

255 
51 
43 

57 

ns 

Any  Data  Input  to  Y 

tpLH 
tpHL 

2 

4.5 

185 
37 

36 

230 
46 
39 

45 

280 
56 
48 

54 

ns 

Any  Select  to  Y 

tpLH 
tpHL 

2 

4.5 
g 

185 
37 
31 

41 

230 
46 
39 

51 

280 
56 
48 

62 

ns 

Any  Select  to~Y~ 

tpLH 
tPHL 

2 

4.5 
c 

D 

205 
41 

35 

43 

255 
51 
43 

54 

310 
62 
53 

65 

ns 

Enable  to  Y 

tpLH 
tpHL 

2 

4.5 

ft 

D 

140 
28 
24 

29 

175 
35 
30 

36 

210 
42 
36 

44 

ns 

Enable  to~ 

tpLH 
tpHL 

2 

4.5 
g 

145 
29 
25 

_ 

36 

180 
36 

o  l 

45 

220 
44 

JO 

54 

ns 

Output  Transition 
Time 

tTLH 
ttHL 

2 

4.5 
6 

75 
15 
13 

15 

95 
19 
16 

19 

110 
22 
19 

22 

ns 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

l3- 
"2" 
"1 

k>- 

Y  - 
Y- 
I- 
GND- 


1 

16 

2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8 

9  

-vcc 

'4 

-15 
-l6 
'7 
S0 
-Si 
-S2 
92CS- 36132 


ENABLE ■ 
SELECT  ■ 
In- 


x  y 


*PHL  — 
'PLH  " 


—  *THL 


-tf  =  6ns 


-  INPUT  LEVEL 


^^90% 
 VS 




Y  OUTPUT 


HC/HCT151 
TERMINAL  ASSIGNMENT 


— -I    I— >TLH 


*TLH 

90  % 

vs 

-10% 


-GND 


—J  l--«PLH 
—  *PHL 


—I    I—  <TH  L 


92CS-38433 


CD54/74HC 

CD54/74HCT 

Input  Level 

3  V 

Switching  Voltage.  Vs 

50%  V„ 

1.3  V 

Fig.  2  -  Propagation  delays  to  Y  and  Y  outputs. 
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High-Speed  CMOS  Logic 


Dual  4-lnput  Multiplexer 


Type  Features: 

■  Common  select  inputs 
m  Separate  enable  inputs 
m  Buffered  inputs  and  outputs 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC153  and  CD54/74HCT153  are  dual  4- 
to-1-line  selector/multiplexers  which  select  one  of  four 
sources  for  each  section  by  the  common_select  inputs,  SO 
and  S1.  When  the  enable  inputs  (1E,  2E)  are  HIGH,  the 
outputs  are  in  the  LOW  state. 

The  CD54HC/HCT153  are  supplied  in  16-lead  hermetic 
dual-in-line  ceramic  packages  (F  suffix).  The  CD74HC/ 
HCT153  are  supplied  in  16-lead  dual-in-line  plastic  pack- 
ages (E  suffix-)  and  in  16-lead  dual-in-line  surface  mount 
plastic  packages  (M  suffix).  Both  types  are  also  available  in 
chip  form  (H  suffix). 


TRUTH  TABLE 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT/HCU:  -40  to  +85°C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

m  Alternate  Source  is  PhilipslSignetics 
m  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity: 
W,l  =  30%,  W,H  =  30%  Of  Vcci  @  Vcc  =  5V 
m  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 
IV  =  0.8  V  Max.,  VIH  =  2V  Min. 

CMOS  Input  Compatibility 


Select 
Inputs 

Data  Inputs 

Enable 

Output 

w 

S, 

So 

In 

I2 

b 

E 

Y 

IE  - 

SI— * 

x 

X 

X 

X 

X 

X 

H 

L 

L 
L 

L 
L 

L 
H 

X 
X 

X 
X 

X 
X 

L 
L 

L 
H 

m,-r4 

H-so 

—I  —l  X 

I  X  -J 

X 
X 
X 

L 

H 

X 

XX  — 1 

X 
X 
X 

L 
L 
L 

L 
H 
L 

in— £ 

 2I3 

H 

L 

X 

X 

H 

X 

L 

H 

110-I 

H 

H 

X 

X 

X 

L 

L 

L 

H 

H 

X 

X 

X 

H 

L 

H 

7 

1Y  

Select  inputs  A  and  B  are  common  to  both  sections. 
H  =  High  Level,  L  =  Low  Level,  X  =  Don't  Care. 

GND  

^— 2Y 

LOGIC  DIAGRAM 


92CS-39825 

TERMINAL  ASSIGNMENT 
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Technical  Data 


CD54/74HC153 
CD54/74HCT153 


92CM-39827RI 


Fig.  1  -  Logic  diagram. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l«  (FOR  V,< -0.5  V  OR  V,>  Vcc +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  lo«  (FOR  V„  <  -0.5  V  OR  Vo  >  Vcc  +0.5V)   ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR -0.5  V  <Vo<  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T*  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T.  «  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T,  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H    -55to+125°C 

PACKAGE  TYPE  E,  M    -40  to  +65°C 

STORAGE  TEMPERATURE  (T.„)   -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  +  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 
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 Technical  Data 

CD54/74HC153 
CD54/74HCT153 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC153/CD54HC153 

CD74HCT153/CD54HCT153 

CMAKAL,  1  t  H  lb  1  IC 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

UNITS 

V, 
V 

u 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125" C 

V, 
V 

Vcc 
V 

+25"  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

2 

1.5 

- 

1.5 

- 

1.5 

- 

4.5 

input  Voltage  VIH 

45 

3.15 

- 

3.15 

- 

3.15 

- 

to 

2 

- 

2 

- 

2 

- 

V 

6 

4.2 

- 

— 

4.2 

4.2 

- 

5.5 

Low-Level 

2 

- 

- 

0.5 

- 

05 

- 

0.5 

4.5 

Input  Voltage  VIL 

4.5 

1.35 

1.35 

1.35 

to 

0.8 

0.8 

0.8 

V 

6 

- 

18 

18 

1.8 

5.5 

High-Level 

v,u 

2 

1.9 

1.9 

1.9 

V,L 

Output  Voltage  VOM 

or 

-0.02 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

or 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

CMOS  Loads 

v,„ 

6 

5.9 

- 

5.9 

- 

5.9 

- 

v,„ 

v,t 

V,t 

TTL  Loads 

or 

-4 

45 

398 

384 

3.7 

or 

4.5 

398 

— 

3.84 

3.7 

V 

V,„ 

-52 

6 

548 

— 

534 

5.2 

v,„ 

Low-Level 

v,L 

2 

0.1 

0.1 

0.1 

v,t 

Output  Voltage  V,* 

or 

0.02 

45 

0.1 

0.1 

0.1 

or 

4.5 

0.1 

0  1 

0.1 

V 

CMOS  Loads 

v„ 

6 

0.1 

0.1 

0.1 

v„ 

v» 

v,L 

TTL  Loads 

or 

4 

4.5 

026 

0.33 

04 

or 

4.5 

0.26 

0.33 

0.4 

V 

v,„ 

52 

6 

026 

033 

0.4 

v,„ 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

10.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc 
&  Gnd 

5.5 

±0.1 

11 

±1 

fA 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

//A 

Current  lcc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Air.*-' 

Vcc-2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

pA 

'For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

DATA 

0.45 

ENABLE 

0.6 

SELECT 

1.35 

•Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  uA  max.  @  25°C. 
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RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


LIMITS 

1  IMITC 
UPJI  1  O 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

w 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times  t„  t, 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 
(PF) 

TYPICAL 
VALUES 

UNITS 

HC 

HCT 

Propagation  Delay, 
Select  to  Outputs 

tpHL  tpLH 

15 

13 

14 

Data  to  Outputs 

*PLH 

15 

12 

9 

ns 

tpHL 

15 

12 

14 

Enable  to  Outputs 

tpLH  tpHt. 

15 

9 

11 

Power  Dissipation  Capacitance* 

cPD 

45 

45 

PF 

*CPD  is  u^ed  to  determine  the  dynamic  power  consumption,  per  multiplexer. 
po  =  vcc  fi  (cpd  +  cl)  where:  fi  -  input  frequency 

CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS 


25 

'C 

-40°Cto  +85° 

C 

-55°Cto 

+125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

160 

200 

240 

StoY 

tpHL 

4.5 

32 

34 

40 

43 

48 

51 

6 

27 

34 

41 

ItoY 

tpLM 

2 

145 

180 

220 

4.5 

29 

24 

36 

30 

44 

36 

6 

25 

31 

38 

ns 

ItoY 

tpHL 

2 

145 

180 

220 

4.5 

29 

34 

36 

43 

44 

51 

6 

25 

31 

38 

E  to  Y 

tpLH 

2 

120 

150 

180 

tpHL 

4.5 

24 

27 

30 

34 

36 

41 

6 

20 

26 

31 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input 

Capacitance 

C, 





10 



10 

10 

10 

10 

10 

PF 
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-Technical  Data 


CD54/74HC153 
CD54/74HCT153 


OUTPUT  Y 


-90% 

-vs 

-10% 


\_____vs 


-tpHL 
92CS-39824 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3V 

Fig.  2  -  Transition  and  propagation  delay  times. 
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Technical  Data 


CD54/74HC154 
CD54/74HCT154 


File  Number  1657 


High-Speed  CMOS  Logic 


4-f° 

-2-77 

YJ 

-2-« 

il 

'  yTi 

- — Tii 
TTVl 

FUNCTIONAL  DIAGRAM 


4-to-16  Line  Decoder/Demultiplexer 

Type  Features: 

■  Two  enable  inputs  to  facilitate  demultiplexing  and  cascading  functions 
Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 


The  RCA  CD54/74HC1 54  and  CD54/74HCT1 54  are  4-to-J6 
line  decoders/demultiplexers  with  two  enable  inputs,  E1 
and  E2.  A  High  on  either  enable  input  forces  the  output  into 
the  High  state.  The  demultiplexing  function  is  performed  by 
using  thef  our  input  lines,  AO  to  A3,  to  select  the  output  lines 
"75  to  Y15,  and  using  one  enable  as  the  data  input  while 
holding  the  other  enable  low., 

TheCD54HC154and  CD54HCT154  are  supplied  in  24-lead 
dual-in-line  frit-seal  ceramic  packages  (F  suffix).  The 
CD74HC154  and  CD74HCT154  are  supplied  in  24-lead 
dual-in-line,  narrow-body  plastic  packages  (EN  suffix),  in 
24-lead  dual-in-line,  wide-body  plastic  packages  (E  suffix), 
and  in  24-lead  dual-in-line  surface-mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form  (H 
suffix).  TRUTH 


Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

Alternate  Source  is  Philips/Signetics 
CD54HC/CD74HC  Types: 
2  to  6  V  Operation 

High  Noise  Immunity:  NIL  -  30%,  Nm  =  30%  of  Vcc 

@  Vcc  -  5  V 
CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

Vil  =  0.8  V  Max.,  V,»  =  2  V  Mm. 
CMOS  Input  Compatibility 

h<1fjA@  Vol,  Voh 


TABLE 


INPUTS 

OUTPUTS 

E1 

E2 

A3 

A2 

A1 

AO 

Y0 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 

Y10 

Y11 

Y12 

Y13 

Y14 

Y15 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

h 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H  =  High  Level,  L  =  Low  Level,  X  =  Don't  Care. 
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Fig.  1  -  Logic  diagram. 


-r-  1  E  1  n^iA 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,„  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  l0K  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V0  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  PER  PIN  (Ice):  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  TA  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  TA  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/'Cto  300  mW 

ForT,  «  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +  125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°C 

STORAGE  TEMPERATURE  (T,„)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING) 

At  distance  1/16  ±  1/32  in.  (1.59  ±0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vi,  Vo 

0 

Vcc 

V 

Operating  Temperature  Ta: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times,  t„  ti 

at2V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

o 

400 

ns 

•Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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.Technical  Data 


CD54/74HC154 
CD54/74HCT154 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 


CD74HC154/CD54HC154 


TEST 
CONDITIONS 


lo 

mA 


74HC/54HC 
TYPE 


Mln  Typ  Max 


74HC 
TYPE 


-40/ 
+85°  C 


54HC 
TYPE 


-55/ 
+125°C 


CD74HCT154/CD54HCT154 


TEST 
CONDITIONS 


74HCT/54HCT 
TYPE 


Mln  Typ  Max 


74HCT 
TYPE 


-40/ 
+85°  C 


54HCT 
TYPE 


-55/ 
+125° C 


High-Level 
Input  Voltage 


Low-Level 
Input  Voltage 


High-Level 
Output  Voltage 
CMOS  Loads 


Voh 


Low-Level 

Output  Voltage  Voi 
CMOS  Loads 


Vim 


Input  Leakage 
Current 


Vcc 
or 
Qnd 


Any 
Voltage 
Between 
VCc  and 

Gnd 


Quiescent  Device 
Current 


Vcc 
or 
Gnd 


Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alcc- 


Vcc  -21 


•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 
HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS  * 

AO  — A3 
El,  IF 

1.4 
1.3 

'Unit  Load  is  Alcc  limit  specified  in  Static  Characteristic  Chart 
e.g.,  360  j/A  max.  @  25°  C. 


24 

vcc 

Vi  — 

23 

AO 

75 -^H 

22_ 

A1 

VJ-i 

11 

A2 

Hi 

20 

A3 

V5-SL 

19 

E2 

vsi 

18 

El 

17 

Y15 

75-1 

IS 

Y14 

75-2! 

21 

YT5 

14 

m 

GND  — 

-11 

TERMINAL  ASSIGNMENT 
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Technical  Data 


CD54/74HC154 
CD54/74HCT154 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°  C,  Input  t„  t(  =  6  ns) 


.  1 

CHARACTERISTIC 

Ct 
pF 

SYMBOL 

 1 

TYPICAL  VALUES 

UNITS 

54/74HC 

54/74HCT 

Propagation  Delay 

Address  to  Output 

15 

tpHL 
tpLH 

14 

14 

ns 

El  to  Output 

15 

tPHL 
tpLH 

14 

14 

ns 

E2  to  Output 

15 

tpHL 
tPLH 

14 

14 

ns 

Power  Dissipation  Capacitance* 

CpD 

88 

84 

pF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  device. 
Pd  -  Vcc2  fi  (Cpd  +  Cl)  where:  fi  =  input  frequency. 

Cl  =  output  load  capacitance. 
Vcc  =  supply  voltage. 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


25 

C 

-40°Cto  +85° 

C 

-55° C  to 

+125 

=  C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

541 

■IC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

175 

220 

265 

Address  to  Outputs 

tpHL 

4.5 

35 

35 

44 

44 

53 

53 

ns 

6 

30 

37 

45 

tpLH 

2 

175 

220 

265 

E1  to  Outputs 

tpHL 

4.5 

35 

34 

44 

43 

53 

51 

ns 

6 

30 

37 

45 

tPLH 

2 

175 

220 

265 

E2  to  Outputs 

tpHL 

4.5 

35 

34 

44 

43 

53 

51 

ns 

6 

30 

37 

45 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tlHL 

4.5 
6 

15 
13 

15 

19 
16 

19 

22 
19 

22 

ns 

Input  Capacitance 

Ci 

10 

10 

10 

10 

10 

10 

PF 
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.Technical  Data 


CD54/74HC154 
CD54/74HCT154 


OUTPUT  YI5 


INPUT  LEVEL 


INPUT  LEVEL 
INPUT  A0-A3 
GNO 


OUTPUT  TVS 


«—  'TLH 

92CS-38382P.I 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Propagation  delay  and  transition  times. 

199 


Tar-hniral  nata 


High-Speed  CMOS  Logic 


HC/HCT  HC/HCT 
157  158 


92CS-38445 

FUNCTIONAL  DIAGRAM 


Quad  2-lnput  Multiplexers 

HC/HCT157  Non-Inverting 
HC/HCT158  Inverting 


Type  Features: 

■  Buffered  inputs 

■  Typical  Propagation  Delay  (In  to  Output)  ■ 

Cl  =  75  pF,  TA  =  25°  C 


10  ns  (HC157)  @  Vcc  =  5  V, 


The  RCA-CD54/74HC157,  158  and  CD54/74HCT157,  158 
are  quad  2-input  multiplexers  which  select  four  bits  of  data 
from  two  sources  under  the_control  of  a  common  Select 
input  (S).  The  Enable  input  (E)  is  active  LOW.  When  (E)  is 
HIGH,  all  of  the  outputs  in  the  158,  the  inverting  type,  (1 Y- 
4Y)  are  forced  HIGH  and  in  the  157,  the  non-inverting  type, 
all  of  the  outputs  (1 Y-4Y)  are  forced  LOW,  regardless  of  all 
other  input  conditions. 

Moving  data  from  two  groups  of  registers  to  four  common 
output  busses  is  a  common  use  of  these  devices.  The  state 
of  the  Select  input  determines  the  particular  register  from 
which  the  data  comes.  They  can  also  be  used  as  function 
generators. 

The  CD54HC157,  158  and  CD54HCT157,  158  are  supplied 
in  16-lead  hermetic  dual-in-line  ceramic  packages  (F  suffix). 
The  CD74HC157,  158  and  CD74HCT157,  158  are  supplied 
in  16-lead  dual-in-line  plastic  packages  (E  suffix).  The 
CD74HC157,  158  and  CD74HOT157,  158  are  supplied  in 
16-lead  dual-in-line  surface  mount  plastic  packages  (M 
suffix).  Both  types  are  also  available  in  chip  form  (H  suffix). 


so — — t — O 
eo— |>H>-t> 


111O 


3  CIRCUITS  IDENTICAL  TO  CIRCUIT 
IN  ABOVE  DASHED  OUTLINE 


03V 
7 

 0  2V 

4 

01V 


Family  Features: 

■  Fanout  {Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICS 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:  Nil  =  30%,  N,H  =  30%  of  Vcc 
@Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  Max.,  Vm  =  2  V  Min. 
CMOS  Input  Compatibility 

/,  <  J  ijA@  Vol,  V0h 

FUNCTION  TABLE 


Enable 

Select 
Input 

Data 
Inputs 

Output 

157 

158 

T 

S 

lo 

I, 

Y 

~Y~ 

H 

X 

X 

X 

L 

H 

L 

L 

L 

X 

L 

H 

L 

L 

H 

X 

H 

L 

L 

H 

X 

L 

L 

H 

L 

H 

X 

H 

H 

L 

Fig.  1  -  Logic  Diagram  for  HC/HCT1 57.  92CM-3ai46 


L  =  LOW  voltage  level. 
H  =  HIGH  voltage  level. 
X  =  Don't  care. 


Technical  Data 


CD54/74HC157,  CD54/74HCT157 
CD54/74HC158,  CD54/74HCT158 


no  - 
III  • 


310O  

6 

2llO  

2l0O  

3 

1llO 
2 

1l0O 


3  CIRCUITS  IDENTICAL  TO  CIRCUIT 
IN  ABOVE  DASHED  OUTLINE 


16 
15 

r 

14 

.3 

2 

1 

10 

3I0 

«l 

9 

3Y  • 

9ZCS -37008 


'  For  HC/HCT157  these  outputs  are  1Y,  2V.  3Y.  4Y 


TERMINAL  ASSIGNMENT 


92CS-38447 

Fig.  2  -  Logic  Diagram  for  HC/HCT1 58. 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0-5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  Ik  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Ion  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice):  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

ForT,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  Ta  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -55  to  + 1 00°  C  (PACKAGE  TYPE  F.  H)    500  mW 

ForT,  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°Cto  300  mW 

For  TA  »  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T»  •  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H   -55  to  +125°  C 

PACKAGE  TYPE  E.  M   -40  to +85°  C 

STORAGE  TEMPERATURE  (T„„)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in  (1  59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  *  Full  Package  Temperature  Range)  Vcc:" 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,„,  Vout 

0 

Vcc 

V 

Operating  Temperature  T»: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times,  t„  t. 

at  2  V 

0 

1000 

ns 

at  4  5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data 


CD54/74HC157,  CD54/74HCT157 
CD54/74HC158,  CD54/74HCT158 

STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC157/158/CD54HC157/158 

CD74HCT157/158/CD54HCT157/158 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V. 
V 

to 

fflA 

Vcc 
V 

♦25°  C 

-40/ 
•85°  C 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

Mln 

Typ 

Mm 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High- Level 

Input  Voltage  VIM 

2 

1.5 

- 

- 

15 

- 

1.5 

- 

4.5 
to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3  15 

- 

3  15 

- 

6 

4,2 

4.2 

4.2 

Low- Level 

Input  Voltage  V(L 

2 

- 

0.5 

05 

0.5 

4.5 

to 

5.5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1  8 

1.8 

1.8 

High-Level 

Output  Voltage  VOM 
CMOS  Loads 

V,L 

or 

-0.02 

2 

19 

1.9 

1.9 

or 

4.5 

4.4 

- 

- 

4.4 

- 

4  4 

- 

V 

4.5 

4  4 

- 

- 

4  4 

- 

4.4 

- 

6 

59 

59 

59 

TTL  Loads 

vlL 

or 
V,„ 

VlL 

or 
v,„ 

4  5 

398 

384 

3.7 

V 

-4 

4  5 

3  98 

384 

3.7 

-52 

6 

5  48 

534 

52 

Low- Level 

Output  Voltage  Vol 
CMOS  Loads 

V(L 

or 

V.H 

0.02 

2 

0  1 

0  1 

0  1 

Vit 

or 
Vi„ 

4.5 

0  1 

0  1 

0.1 

V 

4.5 

0  1 

0  1 

0  1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

VlL 

or 

ViH 

Vit 
or 

Vl„ 

4.5 

0  26 

0.33 

04 

V 

4 

4  5 

026 

0  33 

04 

5.2 

6 

026 

033 

0.4 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0  1 

±1 

±1 

Any 
Voltage 
Between 

Vcc  and 
Gnd 

55 

3:0  1 

±1 

±1 

„A 

Quiescent  Device 
Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

55 

8 

80 

160 

*<A 

Additional 
Quiescent  Device 
Current  per 
Input  Pin 

1  Unit  Load  Alec* 

Vcc -2  1 

4.5 

to 
5.5 

100 

360 

450 

490 

liA 

■For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  VCc  =  5  5  V)  specification  is  1  8  mA 

INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS  * 

HCT157 

HCT  158 

I  (ALL) 

0.95 

0.4 

E 

0.6 

0.6 

S 

3 

2.8 

Unit  load  is  Aloe  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  //A  max.  @  25°  C. 


 Technical  Data 

CD54/74HC157,  CD54/74HCT157 
CD54/74HC158,  CD54/74HCT158 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  C  =  15  pF,  T»  =  25° C,  Input  t„  t,  =  6  ns) 


PUAD  APTCDICTIP 

TYPICAL  VALUES 

UNITS 

c 
PF 

HC157 

HCT157 

HC158 

HCT158 

Data  to  Output 

15 

tpHL 
tpLH 

10 

12 

11 

13 

ns 

Enable  to  Output 

15 

tpHL 
tpLH 

•11 

12 

13 

15 

ns 

Select  to  Output 

15 

tpHL 
tpLH 

12 

15 

12 

14 

ns 

Power  Dissipation  Capacitance* 

CpD 

62 

70 

35 

35 

pF 

*  Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  multiplexer. 

Pd  =  Cpd  Vcc2  f,  +  Z  CL  Vcc2  f°  where:  f,  =  input  frequency.  CL  =  output  load  capacitance. 

f„  =  output  frequency.  Vcc  =  supply  voltage. 

SWITCHING  CHARACTERISTICS  (CL  '  50  pF,  Input  t„  tf  =  6  ns) 


25 

•c 

-40°Cto  +85c 

C 

-55° C  to 

+125 

•c 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74  HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

1 — r~ — 

2 

125 

155 

190 

Data  to  Output 

tpHL 

4.5 

25 

30 

31 

38 

38 

45 

ns 

(Figure  3)  HC/HCT157 

6 

21 

26 

32 

Propagation  Delay 

tpLH 

2 

135 

170 

205 

Enable  to  Output 

tpHL 

4.5 

27 

30 

34 

38 

41 

45 

ns 

(Figure  4)  HC/HCT157 

6 

23 

29 

35 

Propagation  Delay 

tpLH 

2 

145 

180 

220 

Select  to  Output 

tpHL 

4.5 

29 

37 

36 

46 

44 

56 

ns 

(Figure  3)  HC/HCT1 57 

6 

25 

31 

38 

Propagation  Delay 

tpLH 

2 

140 

175 

210 

Data  to  Output 

tPHL 

4.5 

28 

32 

35 

40 

42 

48 

ns 

(Figure  3)  HC/HCT1 58 

6 

24 

30 

36 

Propagation  Delay 

tpLH 

2 

160 

200 

240 

Enable  to  Output 

tPHL 

4.5 

32 

37 

40 

46 

48 

56 

ns 

(Figure  4)  HC/HCT1 58 

6 

27 

34 

41 

Propagation  Delay 

tpLH 

2 

150 

190 

225 

Select  to  Output 

tpHL 

4.5 

30 

35 

38 

44 

45 

53 

ns 

(Figure  3)  HC/HCT158 

6 

26 

33 

38 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

(Figure  3  or  4) 

6 

13 

16 

19 

Input  Capacitance 

Cm 

10 

10 

10 

10 

10 

10 

PF 

203 


Technical  Data. 


CD54/74HC157,  CD54/74HCT157 
CD54/74HC158,  CD54/74HCT158 


tr- 
io OR  S  VS 

>PHL  ■ 

HC/HCT1 58  Y 


<THL- 
'PLH- 


HC/HCT1 57  Y 


90  %  "\ 
10  %  fit 

=  r  90  % 

"\io% 


-«f 

-  INPUT  LEVEL 
 GND 


•PLH 


*PLH- 
HC/HCT1 58  Y 


 3'-  10%  lB  


if    90  %  \vs 

Jr  \  s  io% 


•tlh- 


-'TLH 
'PHL 


'TLH- 
'PHL  ' 


Vg  ?r90% 
J  10% 


HC/HCT1  57  Y 


 »THL 

92CS-38448 


<THL  - 


INPUT  LEVEL 
 GND 


-'PHL 


T 

90%_J 

-—I  U —  tTHL 
-*PLH 


-'TLH 

92CS-38449 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

Fig.  3  -  Inputs  or  select  to  output  propagation  delays  and  output       Fig.  4  -  Enable  to  output  propagation  delays  and  output  transition 
transition  times.  times. 
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Technical  Data 


File  Number  1550  CD54/74HC/HCT160,  CD54/74HC/HCT161 

CD54/74HC/HCT162,  CD54/74HC/HCT163 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM 

PO     PI    P2  P3 


92CS-37958 


Presettable  Counters 

CD54/74HC/HCT160  BCD  Decade  Counter,  Asynchronous  Reset 
CD54/74HC/HCT161  4-Bit  Binary  Counter,  Asynchronous  Reset 
CD54/74HC/HCT162  BCD  Decade  Counter,  Synchronous  Reset 
CD54/74HC/HCT163  4-Bit  Binary  Counter,  Synchronous  Reset 

Type  Features: 

■  Synchronous  Counting  and  Loading 

■  Two  Count  Enable  Inputs  for  n-Bit  Cascading 

■  Asynchronous  Reset  (CD54/74HC/HCT1 60,  161) 

■  Synchronous  Reset  {CD54/74HC/HCT162,  163) 

■  Look-Ahead  Carry  for  High-Speed  Counting 


The  RCA-CD54/74HC/HCT160,  161,  162,  and  163  devices 
are  presettable  synchronous  counters  that  feature  look- 
ahead  carry  logic  for  use  in  high-speed  counting  applica- 
tions. The  CD54/74HC/HCT160  and  161  are  asynchronous 
reset  decade  and  binary  counters,  respectively;  the 
CD54/74HC/HCT162  and  163  devices  are  decade  and 
binary  counters,  respectively  and  are  reset  synchronously 
with  the  clock.  Counting  and  parallel  presetting  are  both 
accomplished  synchronously  with  the  negative-to-positive 
transition  of  the  clock. 

A  low  level  on  the  synchronous  parallel  enable  input,  SPE, 
disables  the  counting  operation  and  allows  data  at  the  PO 
to  P3  inputs  to  be  loaded  into  the  counter  (provided  that 
the  setup  and  hold  requirements  for  SPE  are  met). 
All  counters  are  reset  with  a  low  level  on  the  Master  Reset 
input,  MR.  In  the  CD54/74HC/HCT162  and  163  counters 
(synchronous  reset  types),  the  requirements  for  setup  and 
hold  time  with  respect  to  the  clock  must  be  met. 
Two  count  enables,  PE  and  TE,  in  each  counter  are  pro- 
vided for  n-bit  cascading.  In  all  counters  reset  action  occurs 
regardless  of  the  level  of  the  SPE,  PE  and  TE  inputs  (and 
the  clock  input,  CP,  in  the  CD54/74HC/HCT160  and  161 
types). 

If  a  decade  counter  is  preset  to  an  illegal  state  or  assumes 
an  illegal  state  when  power  is  applied,  it  will  return  to  the 
normal  sequence  in  one  count  as  shown  in  state  diagram. 
The  look-ahead  carry  feature  simplifies  serial  cascading  of 
the  counters.  Both  count  enable  inputs  (PE  and  TE)  must 
be  high  to  count.  The  TE  input  is  gated  with  the  Q  outputs 
of  all  four  stages  so  that  at  the  maximum  count  the  terminal 
count  (TC)  output  goes  high  for  one  clock  period.  This  TC 
pulse  is  used  to  enable  the  next  cascaded  stage. 

The  CD54HC1 60  through  1 63  and  the  CD54HCT1 60  through 
163  are  supplied  in  16-lead  hermetic  dual-in-line  ceramic 
packages  (F  suffix).  The  CD74HC1 60  through  163  and  the 
CD74HCT160  through  163  are  supplied  in  16-lead  dual-in- 
line plastic  packages  (E  suffix),  and  in  16-lead  dual-in-line 
surface  mount  plastic  packages  (M  suffix) .  All  types  are  also 
supplied  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:  WIL  =  30%,  WIH  =  30% 
of  Vcc,  @  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max.,  V,H  =  2  V  Min. 
CMOS  Input  Compatibility 

I,  <  1  vA  @  Vol,  Voh 


TERMINAL  ASSIGNMENT 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 


DC  SUPPLY- VOLTAGE,  (VCc): 

(Voltages  referenced  to  ground)    -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  I*  (FOR  V,  <  -0.5  V  OR  V,  >  VCc  +0.5  V)   ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  I0k  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice):  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  =  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  T.  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

ForT,  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F.  H      -5510+125-0 

PACKAGE  TYPE  E.  M   _4n  to  +85oC 

STORAGE  TEMPERATURE  (T„a)    -65  to +150°  C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


Fig.  1  ■  Logic  diagram  lor  the  CD54I74HCIHCT160  and  162 


160,162  STATE  DIAGRAM 


9ZCS-40259RI 


NOTE  :  ILLEGAL  STATES  IN  BCD  COUNTERS 
CORRECTED  IN  ONE  COUNT. 
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CD54/74HC/HCT160,  CD54/74HC/HCT161 


PO  PI  P2  P3 


92CM-37957R1 

Fig.  2  -  Logic  diagram  for  the  CD54/74HC/HCT161  and  163. 


MODE  SELECT  -  FUNCTION  TABLE,  160, 161 


OPERATING  MODE 

INPUTS 

OUTPUTS 

TE 

SPE 

P„ 

Q„ 

TC 

MR 

CP 

PE 

Reset  (Clear) 

L 

X 

X 

X 

X 

X 

L 

L 

Parallel  Load 

H 
H 

X 
X 

X 
X 

I 
I 

I 

h 

L 
H 

L 

(a) 

Count 

H 

h 

h 

h(c) 

X 

count 

(a) 

H 

X 

Kb) 

X 

h(c) 

X 

(a) 

Inhibit 

H 

X 

X 

l(b) 

bis) 

X 

qr. 

L 
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MODE  SELECT  -  FUNCTION  TABLE,  162, 163 


INPUTS 

OUTPUTS 

OPERATING  MODE 

MR 

CP 

PE 

TE 

SPE 

Pn 

Q„ 

TC 

Reset  (Clear) 

I 

X 

X 

X 

X 

L 

L 

Parallel  Load 

h(f) 
h(f) 

X 
X 

X 
X 

I 
I 

I 

h 

L 
H 

L 

(d) 

Count 

h(f) 

h 

h 

h(«) 

X 

count 

m 

Inhibit 

h(f) 
h(f) 

X 
X 

m 

X 

X 

l(e) 

h(f> 
h(f) 

X 
X 

q- 

(d) 
L 

H  =  HIGH  voltage  level  steady  state. 
L  =  LOW  voltage  level  steady  state. 

h  =  HIGH  voltage  level  one  setup  time  prior  to  the  LOW-to-HIGH  clock  transition. 
I  -  LOW  voltage  level  one  setup  time  prior  to  the  LOW-to-HIGH  clock  transition. 
X  =  Don't  care. 

q  =  Lower  case  letters  indicate  the  state  of  the  referenced  output  prior  to  the  LOW-to-HIGH  clock  transition. 
— =  LOW-to-HIGH  clock  transition. 

NOTES 

(a)  The  TC  output  is  HIGH  when  TE  is  HIGH  and  the  counter  is  at  Terminal  Count  (HHHH  for  161  and  HLLH  for  160). 

(b)  The  HIGH-to-LOW  transition  of  PE  or  TE  on  the  54/74161  and  54/74160  should  only  occur  while  CP  is  HIGH  for 

conventional  operation. 

(c)  The  LOW-to-HIGH  transition  of  SPE  on  the  54/74161  and  54/74160  should  only  occur  while  CP  is  HIGH  for 

conventional  operation. 

(d)  The  TC  output  is  HIGH  when  TE  is  HIGH  and  the  counter  is  at  Terminal  Count  (HLLH  for  162  and  HHHH  for  163). 

(e)  The  HIGH-to-LOW  transition  of  PE  or  TE  on  the  54/74163  should  only  occur  while  CP  is  HIGH  for 

conventional  operation. 

(f)  The  LOW-to-HIGH  transition  of  SPE  or  MR  on  the  54/74163  should  only  occur  while  CP  is  HIGH  for 

conventional  operation. 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within  the 
following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  T*  =  Full  Package  Temperature  Range)  VCc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°c 
°c 

Input  Rise  and  Fall  Times,  t„  tt 
at2V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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CD54/74HC/HCT1tK 
CD54/74HC/HCT162, 


/74HC/HCT161 
774HC/HCT163 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC160-163  COS4HC160-163 

C074HC  J-163/CO54HCT160-163 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
SERIES 

74HC 
SERIES 

S4HC 
SERIES 

TEST 
CONDITIONS 

74HCT/54HCT 
SERIES 

74HCT 
SERIES 

54HCT 
SERIES 

V, 
V 

lo 
mA 

Vcc 
V 

•25"  C 

-40/ 

♦ss°c 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125° C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  VIH 

2 

1.5 

- 

- 

15 

- 

1.5 

- 

- 

to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3  15 

- 

3.15 

- 

6 

4  2 

- 

- 

4.2 

- 

4.2 

- 

Low- Level 

Input  Voltage  V1L 

2 

— 

- 

0.5 

— 

0.5 

— 

0.5 

- 

4  5 

to 

5.5 

0  8 

08 

0B 

V 

4.5 

1.35 

1.35 

1  35 

6 

- 

1  8 

18 

18 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

V,L 

or 

V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

V|L 

or 

V,H 

4,5 

4.4 

4  4 

4.4 

V 

4.5 

4.4 

4  4 

4,4 

6 

59 

- 

- 

5.9 

- 

5.9 

- 

TTL  Loads 

Vit 
or 
V,„ 

V* 
or 
V,„ 

4.5 

3  98 

3  84 

3.7 

V 

-4 

45 

3  98 

3  84 

37 

-5.2 

6 

5.48 

5.34 

52 

Low-Level 

Output  Voltage  V„i 
CMOS  Loads 

V,L 

or 
Vin 

0.02 

2 

0.1 

0.1 

0  1 

Vn 
or 
V,» 

4.5 

0  1 

0  1 

0  1 

V 

4.5 

0.1 

0.1 

0  1 

6 

0  1 

0  1 

0.1 

TTL  Loads 

V,L 

or 
V,„ 

or 

45 

0  26 

0.33 

04 

V 

4 

4.5 

026 

0.33 

04 

5.2 

6 

026 

033 

0.4 

V,„ 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Anv 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0  1 

±1 

±1 

fA 

Quiescent 
Device 

Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

0* 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 

Vcc  -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

/iA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  ■  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads  * 

P0-P3 

0.25 

PE 

0.65 

CP 

1.05 

"MR 

0.8 

SPE 

0.5 

TE 

1.05 

'Unit  load  is  AICc  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 //A  max.  @25°C.   
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CD54/74HC/HC  .054/74HC/HCT1 61 

CD54/74HC/HC       ,  CD54/74HC/HCT163 


SWITCHING  CHARACTER  1ST!         t  =  5V,T,  =  25"  C,  Input  t„  t,  =  6  n») 


CHARACTERISE 

SYMBOL 

CL 

TYPICAL 

UNITS 

(pF) 

54/74HC 

54/74HCT 

Propagation  Delay         CP  to  TC 

tpHL 

15 

15 

18 

ns 

CP  to  Qn 

tpLH 

15 

15 

16 

ns 

TE  to  TC 

15 

9 

13 

ns 

FTTTto  Qn  (160,  161) 

tpHL 

15 

18 

21 

ns 

Power  Dissipation  Capacitance  * 

Cpd 

60 

63 

•  CPD  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Po  =  Cpo  Vcc2fi  +  I  (CL  VCc2fo)  where:   1,  '  input  frequency,   fo  =  output  frequency. 


Cl  =  output  load  capacitance.   Vcc  ■  supply  voltage. 
PREREQUISITE  FOR  SWITCHING  FUNCTION  

LIMITS 


TEST 

25° 

C 

-40°Cto+85° 

C 

-55 

°Cto 

+125  C 

UNITS 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

If 
V 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Max.  CP  Freq.  ' 

(max 

2 

4.5 

6 

30 

— 

30 

— 

5 

24 

— 

24 

— 

4 

20 

— 

20 

— 

MHz 

6 

35 



— 



28 

— 





24 

— 

_ 

_ 

2 

80 

— 

— 

100 

— 

— 

120 

— 

— 

CP  Width  (Low) 

twiLI 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 





17 







20 







2 

100 

— 

— 

125 

— 

— 

150 

— 

— 

MR  Pulse  Width 

tw 

4.5 
6 

20 
17 

_ 

25 





25 
21 



31 





30 
26 



38 





ns 

2 

60 







75 







90 







Setup  Time 

tsu 

4.5 

12 



10 



15 



13 



18 



15 



ns 

Pn  to  CP 

6 

10 







13 

— 

— 

— 

15 

— 

— 

— 

2 

50 

65 

75 

Setup  Time 

tsu 

4.5 

10 

13 

13 

16 

15 

20 

ns 

PE  or  TE  to  CP 

6 

9 

11 

13 

60 

75 

90 

Setup  Time 

tsu 

4.5 

12 

12 

15 

15 

18 

18 

ns 

gPEtoCP 

6 

10 

13 

15 

2 

65 

80 

100 

Setup  Time 

tsu 

4.5 

13 

13 

16 

16 

20 

20 

ns 

Mft  to  CP  (162,  163) 

6 

11 

14 

17 

Hold  Time 

tH 

2 

4.5 

3 
3 

5 

3 
3 

5 

3 
3 

5 

ns 

Pn  to  CP 

6 

3 

3 

3 

Hold  Time 

tH 

2 

4.5 

0 
0 

3 

0 
0 

3 

0 
0 

3 

ns 

TE  or  PE  to  CP 

6 

0 

0 

0 

Hold  Time  160, 

tH 

2 

4.5 

3 
3 

3 

3 
3 

3 

3 
3 

3 

ns 

SPEtoCP  162 

6 

3 

3 

3 

161. 

tH 

2 

4.5 

0 
0 

3 

0 
0 

3 

0 
0 

3 

ns 

163 

6 

0 

0 

0 

2 

75 

95 

110 

Recovery  Time 

tREC 

4.5 

15 

15 

19 

19 

22 

22 

ns 

MR  to  CP 

6 

13 

16 

19 

*  Applies  to  non-cascaded  operation  only.  With  cascaded  counters  clock  to  terminal  count  propagation  delays,  count  enables 
(PE  or  TE)-to-clock  set-up  times,  and  count  enables  (PE  or  TE)-to-clock  hold  times  determine  max.  clock  frequency.  For 
example  with  these  HC  devices: 

fm.,  (CP)  =  .  1   =   3  ~  21  MHz  (min.) 

2io  CP-to-TC  prop,  delay  ♦  TE-to-CP  setup  +  TE-to-CP  Hold  37  +  10  +  0  
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SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„  t,  =  6  nt) 


LIMITS 

CHARACTERISTIC 

TEST 
CONDITION 

Vcc 
V 

25°  C 

-40°Cto+85oC 

-55°Cto  +125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max 

Mln. 

Max 

Mln. 

Max. 

Propagation  Delay  tpLH 

2 

185 

230 

280 

CPtoTC  tpHL 

4.5- 

37 

42 

46 

53 

56 

63 

ns 

6 

31 

39 

48 

tpLH 

2 

185 

230 

280 

CP  to  Qn  tpHL 

4.5 

37 

39 

46 

49 

56 

59 

ns 

6 

- 

31 

- 

39 

48 

- 

tpLH 

2 

120 

150 

180 

TE  to  TC  tpHL 

4.5 

24 

32 

30 

40 

36 

48 

ns 

6 

20 

26 

31 

2 

210 

265 

315 

MR  to  Qn,  tpHL 

4.5 

42 

50 

53 

63 

63 

75 

ns 

(160  161) 

6 

36 

45 

54 

2 

210 

265 

315 

MR- to  TC  tpHL 

4.5 

42 

50 

53 

63 

63 

75 

ns 

6 

36 

45 

54 

2 

75 

95 

110 

Output  Transition  Itlh 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Time  tTHL 

6 

13 

16 

19 

Input  Capacitance  CiN 

10 

10 

10 

10 

10 

10 

PF 

SPE 


Fig.  3  -  Detail  of  flip-flops  for  all  types. 
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CD54/74HC/HCT160,  CD54/74HC/HCT161 
CD54/74HC/HCT162,  CD54/74HC/HCT163 


Transition  times,  propagation  delay  times,  setup,  hold,  and  recovery  times. 


0%  .p* —   —  SN 


■  INPUT  LEVEL 


ANY 
OUTPUT 


— H  r- "'tlh  'thl- n  f*- 


92CS-37964 


'plh  h — J  K- 


—  INPUT  LEVEL 


H  h*  -1      ih  'PHL 

'TLH- H  I*-  — H  P — 'thl 


92  CS- 37965 


ANY 

OUTPUT 


INPUT  LEVEL 


—  SND 


INPUT  LEVEL 


92CS-37967 


MR 


su 


INPUT  LEVEL 


INPUT  LEVEL 
■  GND 


92CS-37968RI 


INPUTS ■ 

PO,  P I 
P2.P3 


ZDGZD( 


INPUT 
"LEVEL 


4^7 


INPUT 
■  LEVEL 


INPUT 
LEVEL 


T  E 
or 
PE 


-  INPUT  LEVEL 

—  GND 


-INPUT  LEVEL 
-  GND 


92CS-37969RI 


92CS-37966R2 


CD54/74HC 

CD54/74HCT 

Input  Level 

Vcc 

3  V 

V. 

0.5  Voc 

1.3  V 
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Timing  diagrams  for  the  CD54/74HC/HCT160  and  162. 


Sequence  illustrated  in  waveforms 

1.  Reset  outputs  to  zero  3  Count  to  eight,  nine,  zero,  one.  two,  and  three. 

2  Preset  to  BCD  seven.  4.  Inhibit. 


MASTER  RESET  (I60) 
MASTER  RESET  (I62) 

SPE  — 


~\    I  (ASYNCHRONOUS) 


(SYNCHRONOUS) 


I 


PRESET 
DATA  — 
INPUTS 


PO  T 

P,_|- 

P2  r 


P3 


CP  (I60) 
(I62)' 


yi_JiJijnjnj-LnjiJi^^ 

i  i 

'J-r 


RESET  PRESET 


9      0  I 

2 

3j 

T 

COUNT 

INHIBIT 

92CM-37963RI 
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Timing  diagrams  for  the  CD54/74HC/HCT161  and  163. 


Sequence  Illustrated  In  waveforms 

1 .  Reset  outputs  to  zero. 

2.  Preset  to  binary  twelve. 

3.  Count  to  thirteen,  fourteen,  fifteen,  zero,  one,  and  two. 

4.  Inhibit. 


MASTER  RESET  (I6I) 

MASTER  RESET  (I63) 
SPE 


~\    I  (ASYNCHRONOUS) 


"l__J  (SYNCHRONOUS) 


PRESET 

DATA— | 
INPUTS 


PO_ 
PI 


P2_J~ 


CP 


P3_J 

(I6I) 


"L_r 


iJiJijajnjnjijnjnjnjn_rLr 


RESET  PRESET 


COUNT 


INHIBIT 


92CM-37962 


214 


.Technical  Data 


File  Number  1658 


CD54/74HC164 
CD54/74HCT164 


High-Speed  CMOS  Logic 


92CS- 38499 


FUNCTIONAL  DIAGRAM 


8-Bit  Serial-In/Parallel-Out  Shift  Register 

Type  Features: 

■  Buffered  Inputs 

u  Asynchronous  Master  Reset 

m  Typical  /max  =  60  MHz  @  Vcc  =  51/,  CL  =  15  pF,  T.  =  25°  C 


The  RCA-CD54/74HC164  and  CD54/74HCT164  are  8-bit 
serial-in  parallel-out  shift  registers  with  asynchronous  reset. 
Data  is  shitted  on  the  positive  edge  of  Clock  (CP).  A  LOW  on 
the  Master  Reset  (MR)  pin  resets  the  shift  register  and  all 
outputs  go  to  the  LOW  state  regardless  of  the  input  conditions. 
Two  Serial  Data  inputs  (DS1  and  DS2)  are  provided,  either  one 
can  be  used  as  a  Data  Enable  control. 

The  RCA  CD54/74HC164  are  supplied  in  14-lead  ceramic 
dual-in-line  packages  (F  suffix).  The  CD74HC/HCT1 64  are 
supplied  in  a  14-lead  plastic  dual-in-line  plastic  package 
(E  suffix)  and  in  14-lead  dual-in-line  surface  mount  plastic 
packages  (M  suffix).  The  CD54/74HC/HCT164  are  also 
supplied  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 

Bus  Driver  Outputs  -  15  LSTTL  Loads 
m  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 
m  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL  Logic  ICs 
m  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity: 

Nil=30%,N,h=30%  Of  Vcc,'  @  VCc=5  V 

■  CD  54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

V,L=0.8  V  Max.,  V,H=2  V  Min. 
CMOS  Input  Compatibility 
lt<1  uA@  Vol.  V0h 


Fig.  1  -  Logic 


lor  the  CD54/74HC164.  CD54/74HCT164 
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CD54/74HC164 
CD54/74HCT164 


MODE  SELECT  —  TRUTH  TABLE 


Operating 
Mode 

Inputs 

Outputs 

MR 

CP 

DS1 

DS2 

QO 

01  - 

07 

Reset  (Clear) 

L 

X 

X 

X 

L 

L  — 

L 

H 

J~ 

I 

I 

L 

q<>  — 

qe 

H 

S 

I 

h 

L 

qo  - 

q6 

Shift 

H 

f 

h 

I 

L 

qo  — 

qe 

H 

h 

h 

H 

qo  — 

qe 

CL 

I 

CL 

I 

p 

p 

N 

H=HIGH  voltage  level. 

h=HIGH  voltage  level  one  setup  time  prior  to  the  LOW-to-HIGH 

clock  transition. 
L=LOW  voltage  level. 

l=LOW  voltage  level  one  setup  time  prior  to  the  LOW-to-HIGH 

clock  transition. 
q=Lower  case  letters  indicate  the  state  of  the  reference  input 

(or  output)  one  setup  time  prior  to  the  LOW-to-HIGH 

clock  transition. 
X=Don't  care. 

_/~=LOW-to-HIGH  clock  transition. 


92CS-38500RI 


FLIP  FLOP  DETAIL 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  •  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  lIK  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc+05  V)  ±20  m  A 

DC  OUTPUT  DIODE  CURRENT,  lOK  (FOR  V0  <  -0.5  V  OR  V0  >  Vcc  +0  5  V)   ±20  m  A 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -O  S  V  <  V0  <  VCc  +  0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)   ±50  m  A 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  Ta  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  TA  +  +60  to  +85° C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/'C  to  300mW 

For  Ta  =  -55  to  +KXTC  (PACKAGE  TYPE  F,  H)   500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T,= +70  to +125°  C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°  C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (TA): 

PACKAGE  TYPE  E,  M   -40  to  +85°C 

PACKAGE  TYPE  F,  H   -55to+125°C 

STORAGE  TEMPERATURE  (TMg)   -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the  following  ranges: 


..  

CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

CD54  Types 

-55 

+125 

'C 

Input  Rise  and  Fall  Times  tr,  tt 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC164/CD54HC164 

CD74HCT164/CD54HCT164 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

S4HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

UNITS 

-40/ 

-55/ 

-40/ 

-55/ 

V. 
V 

'o 
mA 

Vcc 
V 

»2S°C 

♦85"  C 

*125°C 

Vi 
V 

Vcc 
V 

*2S°C 

•85°  C 

*125°C 

Mln 

Typ 

Max 

Mln 

15 

Mai 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V,H 

2 

1  5 

1.5 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3  15 

3.15 

3  15 

6 

42 

42 

4.2 

Low-Level 

Input  Voltage  VIL 

2 

0.5 

0.5 

0.5 

4.5 
to 
55 





08 



08 



0.8 

V 

4.5 



1.35 

1  35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Vqh 
CMOS  Loads 

V,L 

or 
Vih 

-0  02 

2 

19 

1.9 

1.9 

V|L 

or 
Vih 

4.5 

4.4 





44 



44 



V 

4.5 

44 

_ 

44 

4.4 

6 

5.9 

5.9 

59 

V,L 

or 
v,» 

Vil 

or 
Vih 

4.5 

398 

- 

- 

3.84 

- 

37 

- 

V 

TTL  Loads 

-4 

4.5 

398 

384 

3.7 

-5-2 

6 

548 

534 

5.2 

Low- Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 

or 

V,H 

0.02 

2 

0.1 

0  1 

0.1 

Vil 
or 
Vih 

45 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,L 

or 

V,H 

Vil 
or 
Vih 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

026 

033 

0.4 

5.2 

6 

0.26 

0.33 

04 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

+  1 

±1 

Any 
Voltage 
between 

Vcc 

8 
Gnd 

5.5 

±0.1 

±1 

±1 

UA 

Quiescent 
Device 

Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

tiA 

Additional 
Quiescent 
Device  Current 
per  input  pin: 
1  unit  load  A|cc" 

Vcc-21 

4.5 
to 
55 

100 

360 

450 

490 

P* 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

Date  Shift-In  (1,2) 

0.3 

MR 

09 

Clock 

0.7 

"Unit  Load  is  A  lcc  limit  specified  in  Static  Characteristic  Chart, 
e.g.,  360  uA  max.  @  25°  C. 
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SWITCHING  CHARACTERISTICS  (Voc=5  V,  TA=25°C,  Input  t,  tf=6  ns) 


CHARACTERISTIC 

Cl 
PF 

SYMBOL 

Typical 

UNITS 

54/74HC 

S4/74HCT 

Maximum  Clock  Frequency 

15 

'max 

60 

54 

MHZ 

Propagation  Delay:    CP  to  Qn 

15 

tpLH,  tpHL 

14 

15 

ns 

MR  to  Qn 

15 

tPHL 

11 

16 

ns 

Power  Dissipation  Capacitance 

Cpd* 

47 

49 

PF 

Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  device. 
PD  =  Cpd  Vcc2  f i  +  I  (CL  Vcc!  fo)  where: 

fi  =  input  frequency. 

fo  -  output  frequency. 

Cl  =  output  load  capacitance. 

Vcc  =  supply  voltage. 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


25 

'C 

-40°Cto+85°C 

55°Cto 

+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Maximum  Clock 

2 

6 

5 

4 

Frequency 

Woe 

4.5 

30 

27 

24 

22 

20 

18 

MHZ 

6 

35 

28 

24 

MR  Pulse  Width 

2 

60 

75 

90 

'w 

4.5 

12 

18 

15 

23 

18 

27 

ns 

6 

10 

13 

15 

CP  Pulse  Width 

2 

80 

100 

120 

*w 

4.5 

16 

18 

20 

23 

24 

27 

ns 

6 

14 

17 

20 

Setup  Time 

2 

60 

75 

90 

isu 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 

Hold  Time 

2 

4 

4 

4 

tH 

4.5 

4 

4 

4 

4 

4 

4 

ns 

6 

4 

4 

4 

MR  to  CP 

2 

80 

100 

120 

Removal  Time 

'rem 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 

17 

20 

DSl  — 

iivee 

DS2  — 

—  Q6 

»n 

ilQ5 

03  i 

-S-  MR 

GNO  — 

i-CP 

MCS3MI? 

TERMINAL  ASSIGNMENT 
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SWITCHING  CHARACTERISTICS  <C=50  pF,  Input  t„  t,=  6  ns) 


25"  C 

-*0-CIO*S5°C 

S5°Ck> 

»ias°c 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74MC 

74HCT 

54HC 

S4HCT 

UNITS 

Max. 

Mil 

Uu 

Max 

Mu. 

Mm. 

Mai 

Propagation  Delay. 

tPLH 

2 

170 

212 

255 

CPtoQn 

IPML 

4.5 

34 

36 

43 

45 

51 

54 

ns 

6 

29 

36 

43 

MR  to  On 

2 

140 

175 

210 

4.5 

28 

38 

35 

46 

42 

57 

ns 

tpHL 

6 

24 

30 

36 

Output 

2 

75 

95 

110 

Transition  Time 

tTLH 

4.5 

15 

15 

19 

19 

22 

22 

ns 

tTHL 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

Transition  times,  propagation  delay  times,  setup,  hold  times,  ana  removal  times. 


Vs 

7 

'su~ 

~— 'HIT- 

INPUT  LEVEL 
GND 


INPUT  LEVEL 
■  GND 


\  j   INPU 

^  /    GND 


ANY 
OUTPUT 


INPUT  LEVEL 


INPUT  LEVEL 


92CS-37967RI 


S4/74HC 

54/74HCT 

INPUT  LEVEL 

vcc 

3V 

SWITCHING  VOLTAGE,  Vs 

50%  VCC 

1.3  V 

High-Speed  CMOS  Logic 


PARALLEL 
DATA  - 
INPUTS 


92CS-38537 

FUNCTIONAL  DIAGRAM 


8-Bit  Parallel-In/  Serial-Out  Shift  Register 


Type  Features: 

■  Buffered  Inputs 

■  Asynchronous  Parallel  Load 
'  Complementary  Outputs 

■  Typical  f max  =  60  MHz  @  Vcc  - 


5V.  CL  =  15  pF,  7"A  =  25° C 


The  RCA-CD54/74HC165  and  CD54/74HCT165  are  8-bit 
parallel  or  serial-in_shift  registers  with  complementary  serial 
outputs  (Q7  and  Q7)  available  from  the  last  stage.  When  the 
parallel  load  (PL)  input  is  LOW,  parallel  data  from  the  DO  to 
D7  inputs  _are  loaded  into  the  register  asynchronously. 
When  the  PL  is  HIGH,  data  enters  the  register  serially  at 
the  DS  input  and  shifts  one  place  to  the  right  (Q0-Q1-Q2, 
etc.)  with  each  positive-going  clock  transition.  This  feature 
allows  parallel-to-serial  converter  expansion  by  tying  the 
Q7  output  to  the  DS  input  of  the  succeeding  device. 

For  predictable  operation  the  LOW-to-HIGH  transition  of 
CE  should  only  take  place  while  CP  is  HIGH.  Also,  CP  and 
CE  should  be  LOW  before  the  LOW^to-HIGH  transition  of 
PL  to  prevent  shifting  the  data  when  PL  goes  HIGH. 

The  CD54HC/HCT165  devices  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC/HCT165  devices  are  supplied  in  16-lead  dual-in- 
line plastic  packages  (E  suffix)  and  in  16-lead  dual-in-line 
surface  mount  plastic  packages  (M  suffix).  Both  types  are 
also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

Nil  =  30%,  W,H  =  30%  of  Vcc:  @Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  Max..  Vm  =  2V  Min. 
CMOS  Input  Compatibility 

I,  SI  vA@  Vol.  Voh 


PL   


*  vcc 

5  ^= 


TERMINAL  ASSIGNMENT 


CD54/74HC165 
CD54/74HCT165 


TRUTH  TABLE 


Operating 

Inputs 

Q„  Register 

Outputs 

Modes 

PL 

CE 

CP 

DS 

D0-D7 

QO 

Q1-Q6 

Q7 

07 

Parallel  Load 

L 

X 

X 

X 

L 

L 

L-L 

L 

H 

L 

X 

X 

X 

H 

H 

H-H 

H 

L 

Serial  Shift 

H 

L 

-T 

I 

X 

L 

Qo-q5 

qe 

qi 

H 

L 

J~ 

h 

X 

H 

qo-qs 

qs 

ql 

Hold  "Do 
Nothing" 

H 

H 

X 

X 

X 

qo 

qi-qs 

q? 

qr 

H  =  HIGH  voltage  level 

h  =  HIGH  voltage  level  one  setup  time  prior  to  the  LOW- 

to-HIGH  clock  transition. 
L  =  LOW  voltage  level. 

I  =  LOW  voltage  level  one  setup  time  prior  to  the  LOW- 

to-HIGH  clock  transition. 
q„  =  Lower  case  letters  indicate  the  state  of  the  referenced 
output  one  set-up  time  prior  to  the  LOW-to-HIGH  clock 
transition. 
X  =  Don't  care. 
S-  LOW-to-HIGH  clock  transition. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC165  C  054HC165 

CD74HCT165/CD54HCT165 

UNITS 

TEST 
CONDITIONS 

74HC/S4HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

u 

mA 

Vcc 
V 

+25' C 

-40/ 
♦85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
♦  125°C 

Mln 

Typ 

Max 

Min 

Max 

Mln 

Max 

Min 

Typ 

Max 

Mln 

Max 

Min 

Max 

High-Level 

Input  Voltage  V,„ 

2 

1.5 

- 

- 

1.5 

- 

1.5 

- 

4.5 

to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3.15 

3.15 

- 

6 

42 

- 

- 

42 

- 

4.2 

Low-Level 

Input  Voltage  V1L 

2 

- 

- 

0.5 

- 

0.5 

- 

0.5 

- 

4.5 
to 
5.5 

08 

0.8 

08 

V 

45 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  V„H 
CMOS  Loads 

Yi 

or 

V,„ 

-002 

2 

1.9 

1.9 

1  9 

V,L 
or 
V,„ 

45 

4.4 

4  4 

4  4 

V 

45 

44 

4  4 

44 

6 

59 

- 

- 

59 

59 

- 

TTL  Loads 

v„ 
or 
V,„ 

v„ 
or 
V,„ 

4.5 

3.98 

384 

37 

V 

-4 

4.5 

398 

3.84 

37 

-5  2 

6 

5.48 

534 

5.2 

Low-Level 

Output  Voltage  VCl 
CMOS  Loads 

v,t 

or 

V. 

002 

2 

01 

0  1 

0  1 

VC1 
or 
V,„ 

45 

0  1 

0  1 

0  1 

V 

45 

0  1 

0  1 

0  1 

6 

0.1 

0  1 

0  1 

TTL  Loads 

v» 

or 

V,„ 

V„ 
or 
V,„ 

45 

0  26 

033 

04 

V 

4 

45 

026 

033 

04 

52 

6 

0.26 

0.33 

04 

input  Leakage 
Current  I 

Vcc 
or 
Gnd 

6 

±0.1 

il 

i1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

55 

;0  1 

±1 

±1 

fA 

Quiescent 
Device 

Current  lcc 

Vr.c 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 

Gnd 

5  5 

8 

80 

160 

„A 

Additional 

Quiescent 

Device  Current 

per  input  pin 

l  unit  load  AICc* 

Vcc-2.1 

4  5 

to 

5.5 

100 

360 

450 

490 

fA 

•For  dual-supply  systems  theoretical  worst  case  (Vi  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1  8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

DS,  DO  to  D7 
CP,  PL 

0.35  . 
0.65 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g..  360 //A  max.  @  25°  C 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   "°  5  to  +  7  v 

DC  INPUT  DIODE  CURRENT,  lIK  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  I  ok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +  0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  *  0.5V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  TA  -  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  i  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T,  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  ■  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F,  H    -55  to +1 25°  C 

PACKAGE  TYPE  E,  M   "40  ,0  +85°c 

STORAGE  TEMPERATURE  (Ts„)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

+  ^00°  c 

with  solder  contacting  lead  tips  only   ow  w 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  tr,  ti 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25° C,  Input  tr,  ti  =  6  ns) 


CHARACTERISTIC 

CL 

SYMBOL 

TYPICAL 

UNITS 

(PF) 

HC 

HCT 

Propagation  Delay 
CP  to  Q7 

15 

tpHL 

13 

17 

ns 

PL  to  Q7 

15 

tpLH 

14 

17 

ns 

D7  to  Q7 

15 

12 

14 

ns 

Power  Dissipation  Capacitance* 

Cpd 

17 

24 

pF 

'Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package.  t0    output  frequency 

Po    Cw,  Vcc2  f,  •  I  (CL  V«!  fo)  where:  CL    output  load  capacitance. 

I,     input  frequency  Vcc    supply  voltage. 


Technical  Data 


CD54/74HC165 


PRE  REQUISITE  FOR  SWITCHING  FUNCTION 


25 

=  C 

-40°Cto  +85° 

C 

-55°  C  to 

+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

CP  Pulse  Width 

twL 

2 

80 

100 

120 

t\WH 

4.5 

16 



18 

_ 

20 

_ 

23 

_ 

24 

_ 

27 

_ 

ns 

6 

14 



_ 

17 

_ 

_ 

20 

_ 

_ 

2 

80 



_ 

100 

_ 

_ 

_ 

120 

_ 

_ 

_ 

PL  Pulse  Width 

twL 

4.5 

16 

_ 

20 

_ 

20 

_ 

25 

_ 

24 

30 

_ 

ns 

6 

14 

17 

20 

Set-up  Time 

2 

80 

— 

— 

100 

120 

DS  to  CP 

tsu 

4.5 

16 

20 

20 

- 

25 

- 

24 

- 

30 

- 

ns 

6 

14 

17 

20 

2 

80 

— 





100 







120 







CEtoCP 

tsUlLl 

4.5 

16 

— 

20 

— 

20 



25 

— 

24 

— 

30 

— 

ns 

6 

14 

17 

20 

2 

80 

100 

120 

D0-D7  to  PL 

tsu 

45 

16 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

Hold  Time 

2 

35 

45 

55 

DS  to  CP 

tH 

4.5 

7 

7 

9 

9 

11 

11 

ns 

or  CE 

6 

6 

8 

9 

CEtoCP 

tH 

2 

4.5 
6 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

ns 

Recovery  Time 

2 

100 

125 

150 

PL  to  CP 

tnEC 

45 

20 

20 

25 

25 

30 

30 

ns 

6 

17 

21 

26 

Maximum  Clock 

2 

6 

5 

4 

Pulse  Frequency 

fMAX 

45 

30 

27 

24 

22 

20 

18 

MHz 

6 

35 

28 

24 

SWITCHING  CHARACTERISTICS  (C,  50  pF,  Input  t„t,=6  ns) 


25°  C 

-40°Cto+85°C 

-55°  C  to  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54  HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

165 

205 

250 

CP  or  CE  to 

tpHL 

4.5 

33 

40 

41 

50 

50 

60 

ns 

Q7  or  Q7 

6 

28 

35 

43 

PL  to  Q7  or 
Q7 

tpLH 
tpHL 

2 

4.5 

175 
35 

40 

220 
44 

50 

265 
53 

60 

ns 

6 

30 

37 

45 

D7  to  Q7  or 
07 

tpLH 
tpHL 

2 

4.5 

150 
30 

35 

190 
38 

44 

225 
45 

53 

ns 

6 

26 

33 

38 

tTLH 

2 

75 

95 

110 

Output  Transition 

t-THL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Time 

6 

13 

16 

19 

Input  Capacitance 

Ci 

10 

10 

10 

10 

10 

10 

pF 
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Technical  Data 


CD54/74HC165 
CD54/74HCT165 


CP  OR  CE 


E   -fTs 

 :  l  1  o  %  V  -  /   


-'w  — 


_1 


1/'MAX- 


Q7  OR  Q7 


;      90  %  -,  ^ 

10 


■  *PLH  <PHL- 


INPUT  LEVEL 
GND 


U-<PLH  -» 


*TLH  *THL  I— 


(a)  SERIAL-SHIFT  MODE 

92CS-38539 


07  OR  ( 


NPUT  LEVEL 
GND 


>PHL 


(b)  PARALLEL-LOAD  MODE 

92CS- 38540 


INPUT  D7 


'PLH- 
Q7  OR  07 


90  % 
10  % 


90  % 
10 


INPUT  LEVEL 
-GND 


*TLH 


2/ 


INPUTS  D0-D7 


-tH- 


^  r 


INPUT  LEVEL 
GND 

INPUT  LEVEL 
GND 


(c)  PARALLEL-LOAD  MODE 

92CS-38  54I 


(d|  PARALLEL-LOAD  MODE 

92CS-38542 


I—  VALID— J 

Of 


(e|  SERIAL-SHIFT  MODE 


INPUT  LEVEL 
GND 

INPUT  LEVEL 
GND 


PL  VS 

'  P.  EC  " 
CPORCl 


INPUT  LEVEL 

 GND 

 INPUT  LEVEL 

 GND 


|f|  SERIAL-SHIFT  MODE 


CE  INHIBITED 


INPUT  LEVEL 
GND 


INPUT  LEVEL 


(g|  SERIAL-SHIFT.  CLOCK-INHIBIT  MODE 

92CM-3854JH2 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  —  Switching  waveforms  for  the  CD5474HC165  and  the  CD54  74HCT165 
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High-Speed  CMOS  Logic 


D2  - 
03  — 

CE-1 

7 

CP  — 

GND 


vcc 

PE 


—  Q7 
D6 

—  05 


M 


8-Bit  Parallel-ln/Serial-Out  Shift 

Type  Features: 

■  Buffered  inputs 

■  Typical  /max  =  50  MHz  @  Vcc  =  5V,  Cu  =  15  pF,  Ta  =  25° C 


TERMINAL  ASSIGNMENT 


The  RCA-CD54/74HC166  and  CD54/74HCT166  8-bit  shift 
register  is  fabricated  with  silicon  gate  CMOS  technology.  It 
possesses  the  low  power  consumption  of  standard  CMOS 
integrated  circuits,  and  can  operate  at  speeds  comparable 
to  the  equivalent  low  power  Schottky  device. 

The  CD54/74HCT166  is  functionally  as  well  as  pin 
compatible  with  the  standard  54LS/74LS166. 

The  166  is  an  8-bit  shift  register  that  has  fully  synchronous 
serial  or  parallel  data  entry  selected_by  an  active  LOW 
Parallel  Enable  (PE)  input.  When  the  PE  is  LOW  one  setup 
time  before  the  LOW-to-HIGH  clock  transition,  parallel  data 
is  entered  into  the  register.  When  PE  is  HIGH,  data  is 
entered  into  internal  bit  position  Qo  from  Serial  Data  Input 
(Ds),  and  the  remaining  bits  are  shifted  one  place  to  the 
right  (Qo  —  Q1  —  Q2,  etc.)  with  each  positive-going  clock 
transition.  For  expansion  of  the  register  in  parallel  to  serial 
converters,  the  Q7  output  is  connected  to  the  Ds  input  of  the 
succeeding  stage. 

The  clock  input  is  a  gated  OR  structure  which  allows  one 
input  to  be  used  as  an  active  LOW  Clock  Enable  (CE)  input. 
The  pin  assignment  for  the  CP  and  CE  inputs  is  arbitrary 
and  can  be  reversed  for  layout  convenience.  The  LOW-to- 
HIGH  transition  of  CE  input  should  only  take  place  while 
the  CP  is  HIGH  for  predictable  operation. 

A  LOW  on  the  Master  Reset  (MR)  input  overrides  all  other 
inputs  and  clears  the  register  asynchronously,  forcing  all 
bit  positions  to  a  LOW  state. 

The  CD54HC166  and  CD54HCT166  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC166  and  CD74HCT166  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanoul  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 
m  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  Nil  =  30%,  Nih  =  30%  of  Vcc: 
@  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VlL  =  0.8  V  Max.,  VlH  =  2V  Min. 
CMOS  Input  Compatibility 
h<1  liA@  Vol,  Voh 
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92CL- 37095R2 

Fig.  1  -  Logic  diagram. 

DO     01     D2     D3    04    05     06  07 


PARALLEL   ENABLE  CIRCUIT 


92CS-3?096RI 

Fig.  2  -  Functional  diagram. 
TRUTH  TABLE 


Inputs 

Internal 
Q  States 

Clock 
Enable 

Parallel 

Output 
Q7 

Reset 

Parallel 
Enable 

Clock 

Serial 

Do  D7 

Qo  Q1 

L 

X 

X 

X 

X 

X 

L  L 

L 

H 

X 

L 

L 

X 

X 

Qoo  Q10 

Qo 

H 

L 

L 

X 

a...h 

a  b 

h 

H 

H 

L 

H 

X 

H  QOn 

Q6n 

H 

H 

L 

L 

X 

L  QOn 

Q6n 

H 

X 

H 

X 

X 

Qoo  Q10 

Q70 

H  =  high  level  (steady  state).  a  ...  h  =  the  level  of  steady-state  input  at  inputs  Do  thru  D7,  respectively. 

L  =  low  level  (steady  state).  Qoo,  Q10,  Q70  =  the  level  of  Qo,  Qi,  or  Q7,  respectively,  before  the  indicated 

X  =  irrelevant  (any  input,  including  transitions).  steady-state  input  conditions  were  established. 

-T  =  transition  from  low  to  high  level.  Qon,  Q6n  =  the  level  of  Qo  or  Qe,  respectively,  before  the  most  recent  t 

transition  of  the  clock. 
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Technical  Data 


CD54/74HC166 
CD54/74HCT166 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC166/CD54HC166 

CD74HCT166/CD54HCT1S6 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

CHARACTERISTIC 

UNITS 

V, 

l„ 

Vcc 

+25°  C 

-40/ 
♦85°  C 

-55/ 
+125° C 

V, 

Vcc 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V 

mA 

V 

V 

V 

Min 

Typ 

Max 

Min 

Max 

Min 

Mai 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

2 

15 

_ 

_ 

1.5 

_ 

1.5 

_ 

45 

Input  Voltage  V|H 

4.5 

3  15 

3.15 

_ 

3  15 

- 

to 

2 

_ 

- 

2 

_ 

2 

_ 

6 

42 

_ 

42 

_ 

4.2 

— 

5.5 

Low-Level 

2 



_ 

0.5 



0.5 

_ 

0.5 

4.5 

Input  Voltage  V:i 

4.5 

_ 

_ 

1.35 

_ 

1.35 

_ 

1.35 

- 

to 

_ 

_ 

08 

0  8 

08 

6 

1.8 

1.8 

1.8 

5.5 

High-Level 

V,i 

2 

1.9 

- 

19 

1.9 

v„ 

Output  Voltage  VnM 

or 

-0  02 

4.5 

4.4 

4  4 

4  4 

or 

4.5 

4  4 

4.4 

4  4 

CMOS  Loads 

V,„ 

6 

59 

_. 

5.9 

_ 

59 

_ 

V,„ 

vIL 

v(1 

TTI     |  A«He 

1  1  L  Loaas 

or 

-4 

4.5 

3.98 

3  84 

_ 

3.7 

_ 

or 

4  5 

3  98 

- 

384 

_ 

3  7 

_ 

v„ 

-5  2 

6 

5  48 

5.34 

5.2 

v„, 

Low-Level 

v» 

2 

0  1 

0  1 

0.1 

V, 

Output  Voltage  Vrll 

or 

0.02 

4.5 

0  1 

0.1 

0  1 

or 

4.5 

0  1 

0  1 

0.1 

fM'TiQ  1  nlrlc 
LjIVIVJO  LOdCb 

v,„ 

6 

0.1 

0.1 

0  1 

v,„ 

vlt 

v» 

1  1  L  LOdaS 

or 

4 

4  5 

0  26 

033 

04 

or 

4.5 

0.26 

033 

0  4 

V,„ 

52 

6 

0  26 

033 

04 

V,„ 

Input  Leakage 
Current  l| 

v„ 

or 
Gnd 

6 

±0.1 

±1 

11 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

±0.1 

±1 

±1 

/jA 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

pA 

Current  lrx 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load       A  Ice' 

Vcc-2  1 

45 

to 
55 

100 

360 

450 

490 

Tor  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Voc  =  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

DS,  D0-D7 

0.2 

PE 

0.35 

CP,  CE 

0.5 

MR 

0.2 

•Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart, 
e.g..  360 ijA  max.  @25°C. 


Technical  Data 


CD54/74HC166 
CD54/74HCT166 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLT  AGE,  (Vcc): 

(Voltages  referenced  to  ground)    -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l,„  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  U  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T*  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  Ta  =  +60  to  +85° C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/'C  to  300  mW 

For  T»  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T»  a  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  T»  =  +70  to  +1 25°  C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F.  H    -55to+125°C 

PACKAGE  TYPE  E,  M   -40  to +85°  C 

STORAGE  TEMPERATURE  (T„„)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply  Voltage  Range  (For  Ta  =  Full  Package  Temperature  Range)  Vcc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  Vin,  Vout 

0 

Vcc 

V 

Operating  Temperature  Ta: 

CD74  Types 
CD54  Types 

-40 
-55 

+85 
+  125 

°c 
°c 

Input  Rise  and  Fall  Times,  tr,  tf 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

SWITCHING  CHARACTERISTICS  (VCc  =  5  V,  T»  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 
PF 

Typical 

Units 

HC 

HCT 

Propagation  Delay- 
Clock  to  Q 

tpm 

15 

13 

17 

ns 

Maximum  Clock  Frequency 

'max 

15 

50 

50 

MHz 

Power  Dissipation  Capacitance' 

41 

•  41 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 

Pd=Cpo  Vcc*  'i  +  I  (CL  Vcc* '»)  where:    f,=input  frequency 

t„=output  frequency 
CL=output  load  capacitance 
Vcc=supply  voltage 


LIMITS 

CHARACTERISTIC 

TEST 

vcc 

V 

25°  C 

-40°  C  to  +85°  C 

-55°Cto  +125°  C 

u  n  1 1  o 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Clock  Frequency 

Pin  1 

rig.  o 

fmax 

2 

4.5 
6 

6 
35 

OC 

5 

oc 
29 

on 

4 
on 

23 

1  ft 

MHz 

MR  Pulse  Width 
Fig.  4 

tw 

2 

4.5 
6 

100 
on 

17 

125 
21 

AA 

150 
30 
26 

ns 

Clock  Pulse  Width 

Fin  1 
rig.  o 

tw 

2 

4.5 
6 

80 

1  ft 

I  D 

14 

on 

100 
on 

17 

120 

OA 

20 

in 

ns 

Set-up  Time 
uaia  ana  io 
Clock,  Fig.  5,  6 

tsu 

2 

4.5 
6 

80 
14 

1  ft 

I  D 

100 

on 

17 

on 

120 

OA 

20 

OA 

ns 

Hold  Time 

Rata  tn 

UdLd  lu  OI0CK, 

Fig.  5 

tH 

2 

4.5 
6 

1 
1 
1 

0 

- 

1 
1 
1 

U 

- 

1 
1 
1 

0 

- 

ns 

Removal  Time 
MR  to  Clock 
Fig.  4 

tREM 

2 

4.5 
6 

0 
0 
0 

— 
0 

0 
0 
0 

— 

0 

0 
0 
0 

— 
0 

ns 

Set-up  Time 
?EtoCP 
Fig.  6 

tsu 

2 
4.5 
6 

145 

29 
25 

30 

180 
36 
31 

38 

220 
44 
38 

45 

ns 

Hold  Time 

PE  to  CP  or  CE 

tH 

2 

4.5 

0 
0 

0 
0 

0 
0 

0 

0 

0 

ns 

Fig.  6 

6 

0 

0 

0 

SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t, 

=  6ns) 

LIMITS 

CHARACTERISTIC 

TEST 
CONDITION 

Vcc 
V 

25°  C 

-40°  C  to +85°  C 

-55°Cto+125°C 

1  IMITC 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Mln. 

Max. 

Min. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 
Clock  to  Output 
Fig.  3 

tPLH 
tPHL 

2 

4.5 
6 

160 
32 
27 

40 

200 
40 
34 

50 

240 
48 
41 

60 

ns 

Output  Transition 
Time 
Fig.  3 

tTLH 
tTHL 

2 

4.5 
6 

75 
15 
13 

15 

95 
19 
16 

19 

110 
22 
19 

22 

ns 

Propagation  Delay 
"MR  to  Output 
Fig.  4 

tPHL 

2 

4.5 
6 

160 

32 
27 

40 

200 
40 
34 

50 

240 
48 
41 

60 

ns 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

07- 


*PLH 

1-  -1 

■*-'tlm 

92CS- 37I26RI 


54/74HC 

54/74HCT 

INPUT  LEVEL 

Vcc 

3.0  V 

vs 

50%  Vcc 

1  3V 

92CS-  37I27RI 


54/74HC 

54/74HCT 

INPUT  LEVEL 

Vcc 

30V 

vs 

50%VCC 

1.3  V 

Fig.  4  -  Master  reset  pre-requisite  times  and  propagation  delays. 


Fig.  3  -  Clock  pre-requisite  times  and  propagation  and  output 
transition  times. 


°ATA  )£VS  )( 


INPUT  LEVEL 
GND 

INPUT  LEVEL 
GND 


92CS  -37I28RI 


54/74HC 

54/74HCT 

INPUT  LEVEL 

vcc 

3.0  V 

Vs 

50%  Vcc 

13V 

INPUT  LEVEL 
■  GND 


JS~5 


  INPUT  LEVEL 

—  GND 


92CS-  37129 


54/74  HC 

54/74  HCT 

INPUT  LEVEL 

Vcc 

30  V 

vs 

50%  Vcc 

1.3V 

Fig.  6  -  Parallel  enable  or  clock  enable  pre-requisite  times. 


I 


Fig.  5  -  Data  pre-requisite  times. 
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Technical  Data 


CD54/74HC173 
CD54/74HCT173 


File  Number  1641 


High-Speed  CMOS  Logic 


E1- 
E2- 


D2- 
03- 
Cp- 
MR- 
OE1- 
OE2- 


■00 
-Q1 


92CS-38456 


Quad  D-Type  Flip-Flop, 

Positive-Edge  Triggered 


Type  Features: 

■  3-state  buffered  outputs 

■  gated  input  and  output  enables 


FUNCTIONAL  DIAGRAM 


The  RCA  CD54/74HC1 73  and  CD54/74HCT1 73  high  speed 
3-STATE  QUAD  D  TYPE  FLIP-FLOPS  are  fabricated  with 
silicon  gate  CMOS  technology.  They  possess  the  low 
power  consumption  of  standard  CMOS  Integrated  circuits, 
and  can  operate  at  speeds  comparable  to  the  equivalent  low 
power  Schottky  devices.  The  buffered  outputs  can  drive  1 5 
LSTTL  loads.  The  large  output  drive  capability  and  3- 
STATE  feature  make  these  parts  ideally  suited  for  interfac- 
ing with  bus  lines  in  bus  oriented  systems. 

The  four  D  TYPE  FLIP-FLOPS  operate  synchronously  from 
a  common  clock.  The  outputs  are  in  the  3-STATE  mode 
when  either  of  the  two  output  disable  pins  are  at  the  logic 
"1"  level.  The  input  ENABLES  allow  the  flip-flops  to  remain 
in  their  present  states  without  having  to  disrupt  the  clock.  If 
either  of  the  2  input  ENABLES  are  taken  to  a  logic  "1 "  level, 
the  Q  outputs  are  fed  back  to  the  inputs,  forcing  the  flip 
flops  to  remain  in  the  same  state.  Reset  is  enabled  by  taking 
the  MASTER  RESET  (MR)  input  toa  logic  "1 "  level.  The  data 
outputs  change  state  on  the  positive  going  edge  of  the 
clock. 

The  CD54/74HCT173  logic  family  is  functionally  as  well  as 
pin  compatible  with  the  standard  54LS/74LS  logic  family. 

TheCD54HC173and  CD54HCT1 73  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC173  and  D74HCT173  are  supplied  in  16-lead  dual- 
in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual-in-line 
surface  mount  plastic  packages  (M  suffix).  Both  types  are 
also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  —  10  LSTTL  Loads 
Bus  Driver  Outputs  —  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICS 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  operation 

High  Noise  Immunity:  Nil  =  30%,  N,H  =  30%  of  Vcc 
@Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  max..  Vm  =  2V  Min. 
CMOS  Input  Compatibility 

/,  <  J  fiA@  Vol,  Voh 


5P-L 

^vcc 

615  A 

MR 

^DO 

<*£ 

—  D1 

02  ± 

03  M 

Ha 

GND  — 

-Am 
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Technical  Data 


CD54/74HC173 
CD54/74HCT173 


12 
D20- 

11 
D30- 


3  CIRCUITS  IDENTICAL  TO  ABOVE  CIRCUIT 
IN  DASHED  ENCLOSURE 


 OQ1 

S 

 O02 

e 

— OQ3 


92CM-38458RI 


Fig.  1  —  Logic  diagram  lor  the  CD54/74HC/HCT173. 


D  O 

CPQ 

R 

CL  , 
CL- 


1  [p 

r 

CL 

-  4 


CL 


Flip-Flop  Detail 


92CS-38457 


MR 


TRUTH  TABLE 


Inputs 

Data  Enable 


CP 


E1 


E2 


Data 
D 


X 
X 
X 
X 
L 
H 


Output 
Q 


L 

Qo 
Qo 

do 

L 
H 


When  either  OE1  or  OE2  (or  both)  is  (are)  high  the  output  is  disabled  to 
the  high-impedance  state,  however,  sequential  operation  of  the  flip-flops 
is  not  affected. 


H  =  high  level  (steady  state)      X  =  don't  care  (any  input  including  transitions) 
L  =  low  level  (steady  state)       Q0  =  the  level  of  Q  before  the  indicated  steady-state 
-r-  =  low-to-high  level  transition      input  conditions  were  established 


,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE  (Vcc): 

(Voltages  referenced  to  ground)  -0  5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  \m  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)    ±  20  mA 

DC  OUTPUT  DIODE  CURRENT,  I...  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)    ±  20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (la)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   ±  35  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)   ±  70  mA 

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  T.  =  -40  to  +60°C  (PACKAGE  TYPE  E)  500  mW 

For  T4  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  T»  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/° C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H   -55  to  +125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°C 

STORAGE  TEMPERATURE  (T^)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm)  with  solder  contacting  lead  tips  only  +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times,  t„  ti 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC173/CD54HC173 

CD74HCT1 73/C  D54HCT1 73 

TEST 

74HC/54HC 

74HC 

54HC 

TEST 

74HCT/54HCT 

74HCT 

54HCT 

CONDITIONS 

TYPE 

TYPE 

TYPE 

CONDITIONS 

TYPE 

TYPE 

TYPE 

UNITS 

CHARACTERISTIC 

y 

lo 

Vcc 

+250C 

-40/ 
+85°C 

-55/ 
+125"C 

V, 

Vcc 

+25°C 

-40/ 
+85°C 

-55/ 
+  125°C 

V 

mA 

V 

V 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

2 

1  5 

1  5 

1  5 

4.5 

Input  Voltage 

V|H 

4.5 

3  15 

3  15 

3.15 

_ 

to 

2 

2 

2 

V 

6 

4  2 

4  2 

55 

Low-Level 

2 

0  5 

0.5 

0  5 

45 

Input  Voltage 

V|L 

4.5 

1  35 

1  35 

1  35 

„ 

to 

0  8 

0.8 

0.8 

V 

6 

1  8 

1  8 

1  8 

5.5 

High-Level 

VlL 

2 

Vn 

Output  Voltage 

VoH 

or 

-0.02 

4.5 

or 

4.5 

V 

CMOS  Loads 

VtM 

6 

V,„ 

VlL 

V,L 

TTL  Loads 

or 

-6 

4.5 

398 

- 

- 

3.84 

- 

3.7 

- 

or 

4.5 

3  98 

- 

- 

3.84 

- 

3  7 

V 

(Bus  Driver) 

V,H 

-7.8 

6 

5.48 

5.34 

V,„ 

Low-Level 

V.i 

2 

0.1 

0.1 

0.1 

V«. 

Output  Voltage 

Vol 

or 

002 

4.5 

0.1 

0.1 

0.1 

or 

4.5 

0.1 

0  1 

0  1 

V 

CMOS  Loads 

V|H 

6 

0.1 

V,„ 

VlL 

VlL 

TTL  Loads 

or 

6 

4.5 

0.26 

0.33 

0.4 

or 

4.5 

- 

0.26 

0.33 

0.4 

V 

{Bus  Driver) 

V,M 

7,8 

6 

— 

— 

— 

Vjh 

Input  Leakage 

Vcc 

Any 
Voltage 
Between 

Vcc 
& 

Gnd 

Current 

I) 

or 
Gnd 

6 

±0.1 

±1 

±1 

5.5 

±0.1 

±1 

±1 

a* 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

>iA 

Current 

Ice 

Gnd 

Gnd 

Additional 
Quiescent 
Device  Current 

Vcc  -2  1 

4.5 
to 

100 

360 

450 

490 

pA 

per  input  pin: 
1  unit  load 

Alec' 

5.5 

3-State  Leakage 
Current 

Iqz 

VlL 

or 

V,H 

V„=Vcc 

or 
Gnd 

6 

±0.5 

±5.0 

±10 

V,t 
or 
V,„ 

5.5 

±0.5 

±5.0 

±10 

"For  dual-supply  systems  theoretical  worst  case  (V.  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 

 HCT  Input  Loading  Table 


Input 

Unit  Loads* 

D0-D3 

0.15 

El  &  E2 

0.15 

CP 

0.25 

MR 

0.2 

OE1  &  OE2 

0.5 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart,  e.g.,  360 //A  max.  @  25°C 


Technical  Data  

CD54/74HC173 
CD54/74HCT173 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  = 

25°  C,  Input  t„tf  = 

5  ns) 

CHARACTERISTIC 

Cl 

TYPICAL 

UNITS 

(pF) 

HCT 

Propagation  Delay, 
Clock  to  Q 

tpLH 
tpHL 

15 

17 

18 

ns 

Propagation  Delay, 
Output  Disable  and  Enable  to  Q 

tpLZ 
tpHZ 

15 

12 

12 

ns 

tpZL 
tpzH 

15 

12 

14 

ns 

Maximum  Clock  Frequency 

fmax 

60 

60 

MHz 

Power  Dissipation  Capacitance* 

Cpd 

29 

34 

pF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Pd  =  Cpd  Vcc2  fc+  £  Cl  Vcc2  fo     where:  fi  =  input  frequency,  f»  =  output  frequency, 

Cl  =  output  load  capacitance,  VCc  —  supply  voltage. 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

CHARACTERISTIC 

CONDITION 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Vcc 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Maximum  Clock 

2 

6 

5 

4 

Frequency  fm,« 

4.5 

30 

20 

24 

16 

20 

13 

MHz 

Fig.  3 

6 

35 

28 

24 

2 

80 

100 

120 

MR  Pulse  Width  t„ 

4.5 

16 

15 

20 

19 

24 

22 

ns 

Fig.  4 

6 

14 

17 

20 

2 

80 

100 

120 

Clock  Pulse  Width  t„ 

4.5 

16 

25 

20 

31 

24 

38 

ns 

Fig.  3 

6 

14 

17 

20 

Set-up  Time 

2 

60 

75 

90 

Data  to  Clock 

4.5 

12 

12 

15 

15 

18 

18 

ns 

Fig.  5  tsu 

6 

10 

13 

15 

Set-up  Time 

2 

60 

75 

90 

E  to  Clock 

4.5 

12 

18 

15 

23 

18 

27 

ns 

tsu 

6 

10 

13 

15 

Hold  Time 

2 

3 

3 

3 

Data  to  Clock 

4.5 

3 

0 

3 

0 

3 

0 

ns 

Fig.  5  tH 

6 

3 

3 

3 

Hold  Time 

2 

0 

0 

0 

E  to  Clock 

4.5 

0 

0 

0 

0 

0 

0 

ns 

tH 

6 

0 

0 

0 

Removal  Time 

2 

60 

75 

90 

MR  to  Clock  tp.EM 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 
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CD54/74HC173 
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SWITCHING  CHARACTERISTICS  (Vl  =  50  pF,  Input  t»  t,  =  6  ns) 


LIMITS 

CHARACTERISTIC 

TEST 

25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

UNITS 

CONDITION 

Vcc 
V 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay  tPLH 

2 

- 

200 

- 

- 

- 

250 

- 

- 

- 

300 

- 

- 

Clock  to  Output  tpHL 

4.5 

- 

40 

— 

43 

— 

50 

— 

54 

— 

60 

— 

65 

ns 

Fig.  3 

6 

— 

34 

— 

— 

— 

43 

— 

- 

— 

51 

- 

— 

Propagation  Delay 

2 

175 

— 

— 

— 

220 

— 

— 

— 

265 

— 

— 

MR  to  Output  tpHL 

4.5 

35 

— 

37 

— 

44 

— 

46 

— 

53 

— 

56 

ns 

Fig.  4 

6 

30 

37 

45 

Propagation  Delay,  tPLz 

2 

150 

190 

225 

Output  Enable  to  QtpHz 

4.5 

30 

30 

38 

38 

45 

45 

ns 

6 

26 

33 

38 

tpZL 

2 

150 

190 

225 

4.5 

30 

35 

38 

44 

45 

53 

ns 

Fig.6 

6 

26 

33 

38 

Output  Transition  t-rtH 

2 

60 

75 

90 

Time  tTHL 

4.5 

12 

12 

15 

15 

18 

18 

ns 

Fig.  3 

6 

10 

13 

15 

Input  Capacitance  O 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 
Capacitance 

20 

20 

20 

20 

20 

20 

PF 

INPUT 
LEVEL 


7Q 


-*rtm 


5CL 


Fig.  3  —  Clock  to  output  delays  and  clock  pulse  width. 


L  \l  /   / 


-isuu>-» 


-tsu(H>«. 


92CS-3S487 

Fig.  4  —  Master  reset  pulse  width.  Master  reset  to  output  delay 
and  master  reset  to  clock  recovery  time. 


OE,.OE2 


-'him 


OUTPUT 
LOW  TO  OFF 


92CS-  36954RI 

Fig.  5  —  Data  set-up  and  hold  times. 


CD54/74HC 

CD54/74HCT 

Input  Level 

Vcc 

3V 

Vs 

0.5  Vcc 

1.3  V 

OUTPUTS 
CONNECTED 


OUTPUTS 
DISCONNECTED 


OUTPUTS 
CONNECTED 
92CS-3e488 

Fig.  6  —  Transition  times  and  propagation  delay  times. 
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High-Speed  CMOS  Logic 


cp-[> 


—  Qo 
Ql 

—  Q2 
°3 
Q4 


92CS-36437 

FUNCTIONAL  DIAGRAM 


Hex  D-Type  Flip-Flop  with  Reset 

Positive-Edge  Triggered 


Type  Features: 

■  Buffered  Positive-Edge-Triggered  Clock 

■  Asynchronous  Common  Reset 


The  RCA-CD54/74HC174  and  CD54/74HCT174  are  edge 
triggered  flip-flops  which  utilize  silicon  gate  CMOS  cir- 
cuitry to  implement  D-type  flip-flops.  They  possess  low 
power  and  speeds  comparable  to  low  power  Schottky  TTL 
circuits.  The  devices  contain  6  master-slave  flip-flops  with  a 
common  clock  and  common  reset.  Data  on  the  D  input 
having  the  specified  setup  and  hold  times  is  transferred  to 
the  Q  output_on  the  low  to  high  transition  of  the  CLOCK 
input.  The  MR  input,  when  low,  sets  all  outputs  to  a  low 
state. 

Each  output  can  drive  10  low  power  Schottky  TTL  equiva- 
lent loads.  The  CD54/74HCT174  is  functionally  as  well  as 
pin  compatible  to  the  54LS174/74LS174. 

The  CD54HC174  and  CD54HCT174  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC174  and  CD74HCT174  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead 
dual-in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  —  10  LSTTL  Loads 
Bus  Driver  Outputs  —  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HCIHCT:  -40  to  +85° C 

■  Balanced  Propagation  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 

High  Noise  Immunity: 
W,L  =  30%,  W,h  =  30%  of  Vcc, 
@VCc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 
V,L  =  0.8  V  max.,  V,H  =  2V  Min. 

CMOS  Input  Compatibility 
/,  <  1  uA  @  Vol,  Voh 


3(4,6,11,13,14)|D  l_^ 


CL 


ONE-OF-SIX  F/F 


T 


MRO  0°- 

CPO  [>- 


CL 
CL 


T 

CL 


r 

CL        CL  CL 


CL 


LDH>f-°i 


i 

Qj  2(5,7,1 0,1 2,1 5 


-TOOTHER  FIVE  F/F 
-TO  OTHER  FIVE  F/F 


Fig.  1  —  Logic  diagram  (Flip/Flop  detail) 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0-5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l„  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)    ±  20  mA 

DC  OUTPUT  DIODE  CURRENT,  lo.  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)    ±  20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   ±  25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice):   +  50  mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  TA  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  T«  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H   -55to+125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°C 

STORAGE  TEMPERATURE  (T.,,)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in  ,  1 .59  mm)  with  solder  contacting  lead  tips  only  +300°C 

TRUTH  TABLE 
(EACH  FLIP-FLOP) 


INPUTS 

OUTPUTS 

MR  — 

oo-l 

RESET 

CLOCK 

DATA 

D0-i 

(MR) 

CP 

Dn 

On 

D.-i 

L 
H 

X 

X 
H 

L 
H 

Q1  — 

M-5- 

02  -i 

Jio. 

-H  03 
^03 

H 

L 

L 

a 

GND  — 

±  CP 

H 

L 

X 

Qo 

MCi 

Mil 

TOP  VIEW 


TERMINAL  ASSIGNMENT 


H  =  High  Level  (Steady  State) 
L  =  Low  Level  (Steady  State) 
X  =  Irrelevant 
_/=  Transition  from  Low  to  High  Level 
Qo,  =  Level  Before  the  Indicated  Steady-State 
Input  Conditions  were  established 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


CHARACTERISTIC 

LIM 

ITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage  Vt,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°c 

Input  Rise  and  Fall  Times,  t„  tt 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


Technical  Data . 


CD54/74HC174 
CD54/74HCT174 

STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC174/CD54HC174 

CD74HCT174/COS4HCT174 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

Vi 
V 

lo 
mA 

Vcc 
V 

+25-C 

-40/ 
±85°C 

-55/ 
+125°C 

V 

vcc 
V 

+25°C 

-40/ 
+85°C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Inmit  \/nlt^nn  V... 
nipui  VUllayc  vim 

2 

1 .5 

1 .5 

1 .5 

— 

4.5 
to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

3.15 

3.1 5 

6 

4.2 

4.2 

4.2 

Low-Level 

inpui  vUHdytr  Vil 

2 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

0.8 

0.8 

0.8 

V 

4.5 

1 .35 

1 .35 

1 .35 

6 

- 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

Vil 
or 
Vi„ 

-0.02 

2 

1.9 

1.9 

1.9 

or 

VlH 

4.5 

4.4 

4.4 

4.4 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

1  1  L  LUdUb 

V,L 

or 
v,„ 

V„ 
or 

Vim 

4.5 

3.98 

3.84 

3.7 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

UUI^UL  VUlldyc  VOL 

CMOS  Loads 

V,L 

or 

V|H 

0.02 

2 

0.1 

0.1 

0.1 

V,L 
or 

V|H 

4  5 

0.1 

0  1 

0  1 

v 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTI    1  nartc 

Vil 

or 

VlH 

VtL 

or 
V,„ 

4.5 

0.26 

0.33 

0  4 

y 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  h 

Vcc 
or 
Gnd 

6 

±0.1 

+1 

±1 

Any 
Voltage 
Between 

Vcc 
& 

Gnd 

5.5 

±0.1 

±1 

±1 

<jA 

Quiescent 
Device 

Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

/jA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec' 

Vcc  -2  1 

4.5 
to 
5.5 

100 

360 

450 

490 

//A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

CP 

0.80 

MR 

0.55 

D 

0.15 

'Unit  load  is  Alec  limit  specified  in  Static  Characteristic  Chart,  e.g.,  360  //A  max 


 Technical  Data 

CD54/74HC174 
CD54/74HCT174 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

CHARACTERISTIC 

TEST 
LUNUI 1 IUN 

25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

1 IUITC 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Vcc 
V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Clock  Pulse 

2 

80 

— 

— 

— 

100 

— 

— 

— 

120 

— 

— 

Width 

t„ 

4.5 

16 

— 

20 

— 

20 

— 

25 

— 

24 

— 

30 

— 

ns 

Fig.  3 

6 

14 

17 

20 

2 

80 

- 

- 

- 

100 

- 

- 

- 

120 

- 

- 

- 

MR  Pulse  Width 

tw 

4.5 

16 



25 



20 



31 



24 



38 

— 

ns 

Fig.  4 

6 

14 

17 

20 

Setup  Time  Data 

2 

60 

75 

90 

to  Clock 

tsu 

4.5 

12 

16 

15 

20 

18 

24 

ns 

Fig.  5 

6 

10 

13 

15 

Hold  Time  Data 

2 

5 

5 

5 

to  Clock 

tM 

4.5 

5 

5 

5 

5 

5 

5 

ns 

Fig.  5 

6 

5 

5 

5 

Removal  Time 

2 

5 

5 

5 

MR  to  Clock 

trem 

4  5 

5 

12 

5 

15 

5 

18 

ns 

Fig.  4 

6 

5 

5 

5 

Clock  Frequency 

fmax 

2 

4.5 
6 

6 

30 
35 

25 

5 
24 
28 

20 

4 

20 
24 

17 

SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


LIMITS 

CHARACTERISTIC 

TEST 
CONDITION 

Vcc 
V 

25°C 

-40°C  to  +85°C 

-55°Cto  +125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay  tPLH 

2 

165 

205 

250 

Clock  to  Q  tPHL 

4.5 

33 

40 

41 

50 

50 

60 

ns 

Fig.  3 

6 

28 

35 

43 

Propagation  Delay  tPLM 

2 

150 

190 

225 

MR  to  Q  tpHL 

4.5 

30 

44 

38 

55 

45 

66 

ns 

Fig.  4 

6 

26 

33 

38 

Output  Transition  iTlh 

2 

75 

95 

110 

Time  W 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Fig.  6 

6 

13 

16 

19 

Input  Capacitance  Cm 

10 

10 

10 

10 

10 

10 

pF 

241 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T*=  25° C,  Input  t„  ti  =  6  ns) 


CHARACTERISTIC 

Typical  Values 

UNITS 

(pF) 

HC 

HCT 

Propagation  Delay  — 
Clock  to  Q  Fig.3 

tpHL 

13 

17 

no 

Propagation  Delay  — 
MR  to  Q      Fig.  4 

tpLH 
tpHL 

15 

12 

18 

ns 

Power  Dissipation  Capacitance* 

CpD 

38 

44 

PF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  flip-flop. 
Pd  =  Cpd  Vcc2  fi  +  I  (CL  Vcc2  fo)  where:   f,  =  input  frequency,  fc  =  output  frequency, 

CL  =  output  load  capacitance,  VCc  =  supply  voltage 


INPUT 
LEVEL 


_  \ 

MR 

rs  7 

CP 

—  •«  — — 

'  PHL 

92CS-38444 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

Fig.  3  -  Propagation  delay  limes  and  clock  pulse  width.  Fig.  4  -  Prerequisite  and  propagation  delay  times  lor  master  reset. 


j- 


■«-tSljlH>» 


-.„IHI 


92CS-  36954RI 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

Fig.  5  —  Pre 


90% 
-10% 


92CS-38443 


Fig.  6  —  Transition  times. 
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High-Speed  CMOS  Logic 


Quad  D  Flip-Flop  with  Reset 


Type  Features: 

■  Common  Clock  and  Asynchronous  Reset  on  four  D-Type  Flip-Flops 
m  Positive-edge  pulse  triggering 
m  Complementary  Outputs 
m  Buffered  Inputs 

m  Typical  fMAx  =  50  MHz  @  V cc  =  5  V,  C  =  15  pF,  fA  =  25°  C 


FUNCTfONAL  DIAGRAM 


The  RCA  CD54/74HC175  and  the  CD54/74HCT1 75  are 
high  speed  Quad  D-Type  Flip-Flops  with  individual  D- 
inputs  and  Q,  Q  complementary  outputs.  The  devices  are 
fabricated  using  silicon  gate  CMOS  technology.  They  have 
the  low  power  consumption  advantage  of  standard  CMOS 
ICs  and  the  ability  to  drive  10  LSTTL  devices. 

Information  at  the  D  input  is  transferred  to  the  Q  and  Q 
outputs  on  the  positive-going  edge  of  the  clock  pulse.  All 
four  Flip-Flops  are  controlled  by  a  common  clock  (CP)  and 
a  common  reset  (MR).  Resetting  is  accomplished  by  a  low 
voltage  level  independent  of  the  clock.  All  four  Q  outputs 
are  reset  to  a  logic  0  and  all  four  Q  outputs  to  a  logic  1 . 

The  CD54HC175  and  CD54HCT175  are  supplied  in  16-lead 
dual-in-line  ceramic  packages  (F  suffix)  and  the 
CD74HC175  and  CD74HCT175  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (uver  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

m  Significant  Power  Reduction  Compared  to  LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  Nil  =  30%,  Nih  =  30%  of  Vcc;  @ 
VCC  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VlL  =  0.8  V  Max.,  Vih  =  2V  Min. 
CMOS  Input  Compatibility 

h<1  pA@  Vol,  Voh 


4(5,12,13) 
D 


'3(6,11,14) 
{>o-t>oi— OQ 


12(7,  10,  15) 
Q 


GND  VCC 

TO  OTHER  THREE  F.F.  08  0^6 
TO  OTHER  THREE  F.F.  4- 


Fig.  1  -  Logic  block  diagram. 


92CM-36949R1 


Technical  Data 


CD54/74HC175 
CD54/74HCT175 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY -VOLT AGE,  (Vcc): 

(Voltages  referenced  to  ground)    -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  I.  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  CURRENT,  I™  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5V)    +20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)   ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  Ta  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  Ta  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  T,  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T»  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T*  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T,  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H    -55to+125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T„,)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  conditions  should  be  selected  so  that  operation  is  always  within  the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply  Voltage  Range  (For  Ta  =  Full  Package  Temperature  Range)  Vcc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  Vin,  Vout 

0 

VCC 

V 

Operating  Temperature  Ta: 

CD74  Types 
CD54  Types 

-40 
-55 

+85 
+  125 

°C 
°C 

Input  Rise  and  Fall  Times,  tr,  tf 
at2V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

TRUTH  TABLE 
(EACH  FLIP-FLOP) 


INPUTS 

OUTPUTS 

RESET 

CLOCK 

DATA 

(MR) 

CP 

Dn 

On 

On 

L 

X 

X 

L 

H 

H 

H 

H 

L 

H 

_T 

L 

L 

H 

H 

L 

X 

QO 

Qo" 

MR  — 

00^- 

&m 

0i± 

—  D3 

*-i 

*s 

£  02 

GND  — 

^-CP 

H  =  High  Level  (Steady  State) 

L  =  Low  Level  (Steady  State) 

X  =  Irrelevant 
-J"  =  Transition  from  Low  to  High  Level 

Qo,  Qo  =  Levels  Before  the  Indicated  Steady-State 
244   Input  Conditions  were  Established  


TERMINAL  ASSIGNMENT 


Technical  Data 


CD54/74HC175 
CD54/74HCT175 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC175/C054HC175 

CD74HCT175/CD54HCT175 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

S4HCT 
TYPES 

V, 
V 

lo 

mA 

V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

Mln 

Typ 

Mai 

Mln 

Mai 

Min 

Mai 

High-Level 

Input  Voltage  V[M 

2 

— 

4.5 

to 

5.5 

V 

4.5 

3.15 

6 

4.2 

Low-Level 

Input  Voltage  ViL 

2 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

V 

4,5 

1.35 

1.35 

1 .35 

6 

- 

1.8 

1.8 

1.8 

High-Level 
wutpui  vuiidye  Voh 
CMOS  Loads 

*i[ 
or 

m 

-0.02 

2 

1.9 

1.9 

19 

or 

v„ 

4.5 

v 

4.5 

6 

5.9 

- 

59 

5.9 

- 

TTI    1  naric 
1  1  L  LUdUb 

or 

v,„ 

V,L 

or 
V,„ 

4.5 

3.98 

3.84 

3.7 

v 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Hi  ilni  il  Unllana  V/ 
UU IL)U I  v Ul lay  tr       v ,  ,L 

CMOS  Loads 

v,t 

or 

*4 

0.02 

2 

0.1 

0  1 

0.1 

v„ 

or 
*i 

4.5 

y 

4.5 

0.1 

0  1 

0.1 

6 

0.1 

0.1 

0.1 

TTI  1  nati* 

v,L 

or 

v,„ 

v,L 
or 
v,„ 

45 

0.26 

0.33 

0.4 

v 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

04 

Input  Leakage 
Current  li 

Vcc 
or 
Gnd 

6 

±0  1 

+1 

11 

Any 
Voltage 
Between 
Vcc 
&  Gnd 

5.5 

10.1 

±1 

11 

uA 

Ouiescent 
Device 

Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

fA 

Additional 

Ouiescent 

Device  Current 

per  input  pin: 

1  unit  load       A  Ice* 

Vcc-2  1 

4.5 
to 
5.5 

100 

360 

450 

490 

//A 

■ 


For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  1  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads' 

MR 

1.0 

D 

0.15 

CP 

0.6 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart, 
e.g.,  360 //A  max.  @  25° C. 
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PRE  REQUISITE  FOR  SWITCHING  FUNCTION  54/74HC  SERIES  AND  54/74HCT  SERIES 


LIMITS 

TEST 

25' 

C 

-40  C  tc 

•85 

C 

-55 

"Cto 

*125° 

C 

UNITS 

CHARACTERISTIC 

CONDITION 

HC 

HCT 

74HC 

74HCT 

54HC 

54H 

CT 

V 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Clock  Pulse 

2 

80 

— 

— 

— 

100 

— 

— 

— 

120 

— 

— 

— 

Width 

tw 

4.5 

16 

— 

20 

— 

20 

— 

25 

— 

24 

— 

30 

ns 

Fig.  3 

6 

14 

— 

— 

—  ' 

17 

— 

— 

— 

20 

— 

— 

— 

2 

80 

— 

— 

100 

— 

— 

— 

120 

— 

— 

— 

"MR  Pulse  Width 

tw 

4.5 

16 



20 



20 

— 

25 

— 

24 

— 

30 

— 

ns 

Fig.  4 

6 

14 

— 

— 

— 

17 

_ 

— 

— 

20 

— 

— 

— 

Setup  Time  Data 

2 

80 

— 

— 

— 

100 

— 

— 

— 

120 

— 

— 

— 

to  Clock 

tsu 

4.5 

1"6 

— 

20 

— 

20 

— 

25 

— 

24 

— 

30 

— 

ns 

Fig.  5 

6 

14 

— 

— 

— 

17 

20 

— 

— 

Hold  Time  Data 

2 

5 

5 



5 



— 

— 

to  Clock 

tH 

4.5 

5 

— 

5 

5 

5 

— 

5 

— 

5 

— 

ns 

Fig.  5 

6 

5 

5 

5 

Removal  Time 

2 

5 

5 

5 

"MR  to  Clock 

tREM 

4.5 

5 

5 

5 

5 

5 

5 

— 

ns 

Fig.  4 

6 

5 

5 

5 

Clock  Frequency 

tmax 

2 

4.5 

6 
30 

25 

5 

25 

20 

4 

20 

16 

MHz 

6 

35 

29 

23 

SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  tt=  6  ns) 


LIMITS 

CHARACTERISTIC 

TEST 

25°  C 

-40°  C  to  +85c 

C 

-55 

•  C  to  +  125°  C 

UNITS 

CONDITION 

Vcc 
V 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay  'plh 
Clock  to  Q  or  Q  tPHL 

2 

4.5 

175 
35 

33 

220 
44 

41 

265 
53 

50 

ns 

Fig.  3 

6 

30 

37 

45 

Propagation  Delay  tPLH 

2 

175 

220 

265 

(MR)  to  Q  or  Q  tPHL 

4.5 

35 

40 

44 

50 

53 

60 

ns 

Fig.  4 

6 

30 

37 

45 

Output  Transition  trm 

2 

75 

95 

110 

Time  tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Fig.  6 

6 

13 

16 

19 

Input  Capacitance  Ci 

10 



10 

10 

10 

10 

10 

pF 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°  C,  Input  t„  1,  =  6  ns) 


CHARACTERISTIC 

cL 

Typical 

Unite 

pF 

HC 

HCT 

Propagation  Delay- 
Clock  to  Q  or  17,  Fig.  3 

Wh 

tpHL 

15 

14 

13 

ns 

Propagation  Delay 
MR  to  Q  or  CT  Fig.  4 

tpHL 
tpLH 

15 

14 

17 

ns 

Power  Dissipation  Capacitance* 

cPD 

65 

67 

PF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  flip-flop. 
Pd  =  CPDVcc2fi+  z  CLVcc2fo    where  fi  =  input  frequency,  fo  =  output  frequency, 

Cl  =  output  load  capacitance,  Vcc  =  supply  voltage 


INPUT 
LEVEL  - 
CP 

10% 


r*°% — 4, 

-vs  -*t- 


-i^Ys  ^i^vs 


-'PLH 


INPUT 
LEVEL 


MR 


54  74HC 

54/74HCT 

Inpui  Level 

3  V 

vs 

SO-^Vcc 

1.3V 

92CS-3695I 


Fig.  3  -  Propagation  delay  times  and  clock  pulse  width. 


-«rtm 


-  3t 


54/74HC 

54/74HCT 

Input  Level 

3  V 

vs 

50%  vcc 

1.3  V 

92CS- 36952 


Fig.  4  -  Pre-requisite  and  propagation  delay  times  for  master  reset. 


-tsu(H)*» 


92CS-  36954RI 


54/74HC 

54/74HCT 

Input  Level 

Ir.r. 

3V 

vs 

50%'vcc 

1.3  V 

Fig.  5  -  Pre-requisite  lor  dock. 


7 


-  90%  -  -907. 


THL 
92CS-36953 


Fig.  6  -  Transition  times. 


247 


Technical  Data 


CD54/74HC181 
CD54/74HCT181 


File  Number  1829 


High-Speed  CMOS  Logic 


FUNCTION  SELECT 


WORD  A-     »2  2, 


17    G     \  I.OOK  4HI 


FUNCTIONAL  DIAGRAM 
ACTIVE-HIGH  DATA 


4-Bit  Arithmetic  Logic  Unit 


Type  Features: 

■  Full  look-ahead  carry  for  speed  operations  on  long  words 

■  Generates  16  logic  lunctions  of  two  Boolean  variables 

■  Generates  16  arithmetic  functions  of  two  4-bit  binary  words 

■  A  =  B  comparator  output  available  (open  drain) 

■  Ripple-carry  input  and  output  available 

■  Available  in  both  narrow-  and  wide-body  plastic  packages 


The  RCA  CD54/74HC181  and  CD54/74HCT181  are  low- 
power  four-bit  parallel  arithmetic  logic  units  (ALU)  capable 
of  providing  16  binary  arithmetic  operations  on  two  four-bit 
words  and  16  logical  functions  of  two  Boolean  variables. 
The  mode  control  input  M  selects  logical  (M-Migh)  or 
arithmetic  (M=Low)  operation.  The  four  select  inputs  (SO, 
S1,  S2,  and  S3)  select  the  desired  logical  or  arithmetic 
functions,  which  include  AND,  OR,  NAND,  NOR,  and 
exclusive-OR  and  -NOR  in  the  logic  mode,  and  addition, 
subtraction,  decrement,  left-shift  and  straight  transfer  in 
the  arithmetic  mode,  according  to  the  truth  table.  The 
HC/HCT181  operation  may  be  interpreted  with  either 
active-low  or  active-high  data  at  the  A  and  B  word  inputs 
and  the  function  outputs,  by  using  the  appropriate  truth 
table. 

The  HC/HCT181  contains  logic  for  full  look-ahead  carry 
operation  for  fast-carry  generation  using  the  carry-generate 
and  carry-propagate  outputs  G  and  P  for  the  four  bits  of  the 
HC/HCT181.  Use  of  the  HC/HCT182  look-ahead  carry 
generator  inconjunction  with  multiple  HC/HCT1 81  sperm  its 
high-speed  arithmetic  operations  on  long  words.  A  ripple- 
carry  output  Cn*4  is  available  for  use  in  systems  where 
speed  is  not  of  primary  importance. 
Also  included  in  these  devices  is  a  comparator  output  A  =  B, 
which  assumes  a  high  level  whenever  the  two  four-bit  input 
words  A  and  B  are  equal  and  the  device  is  in  the  subtract 
mode.  A  =  B  is  an  open-drain  output  that  can  be  wire-AND 
connected  to  give  a  comparison  for  more  than  4  bits.  In 
addition,  relative  magnitude  information  may  be  derived 
from  the  carry-in  input  C„  and  ripple  carry-out  output  Cn*4 
by  placing  the  unit  in  the  subtract  mode  and  externally 
decoding  using  the  information  in  the  Magnitude  Com- 
parison table. 

The  CD54HC1 81  and  CD54HCT1 81  are  supplied  in  24-lead 
dual-in-line  frit-seal  ceramic  packages  (F  suffix).  The 
CD74HC181  and  CD74HCT181  are  supplied  in  24-lead 
dual-in-line,  narrow-body  plastic  packages  (EN  suffix),  in 
24-lead  dual-in-line,  wide-body  plastic  packages  (E  suffix), 
and  in  24-lead  dual-in-line  surface-mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form  (H 
suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:  -40  to  +65° C 

■  Balanced  propagation  delay  and  transition  times 

■  Significant  power  reduction  compared  to  LSTTL 
logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2to6V  operation 

High  noise  immunity: 

N,L=30%  N,H=30%  of  Vcc'  @  Vcc=5  V 
*  CD54HCT/CD74HCT  types: 
4.5  to  5,5  V  operation 
Direct  LSTTL  input  logic  compatibility 

V|L=0.8  V  max.,  V,H=2  V  min. 
CMOS  input  compatibility 

I,  <  1  (JA  @  V0L,  Voh 


FUNCTION  SELECT 
JNPUTS 


|6  \*>  |4  [3 


CARRY  IN 

MODE 
CONTROL 


AO    2  c 

->S_JS_ 

-  10  F1 

14  A--B 

16Cn*4 

Cn  1 

-17  G  ' 
Q15  P 

M  B 

LOOK  AHEAD 
CARRY 
OUTPUTS 


FUNCTIONAL  DIAGRAM 
ACTIVE-LOW  DATA 
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{> — O-^6 
zQ)° — 1>° — °°n+4 


2CL- 40204 


F/g.  )  -  Logic  diagram. 
FUNCTION  TABLES 


Inputs /Outputs  Active  High 

Function 

Logic 

Arithmetic  Function 

Salad 

Function 

M 

■  L 

53 

S2 

S1 

SO 

M  =  H 

C„=H  (no  carry) 

C„=L  (with  carry) 

L 

L 

L 

L 

S 

A 

A  plus  1 

L 

L 

L 

H 

A~+~B 

A  +  B 

(A  +  B)  plus  1 

L 

L 

H 

L 

AB 

A  +  B 

(A  +  B)  plus  1 

L 

L 

H 

H 

Logic  0 

minus  1(2's  compl.) 

Zero 

L 

H 

L 

L 

AB 

A  plus  AB 

A  plus  AB  plus  1 

L 

H 

L 

H 

B 

(A  +  B)  plus  AB 

(A+B)plusABplus1 

L 

H 

H 

L 

A©  B 

A  minus  B  minus  1 

A  minus  B 

L 

H 

H 

H 

AB 

AB  minus  1 

AB 

H 

L 

L 

L 

A  +  B 

A  plus  AB 

A  plus  AB  plus  1 

H 

L 

L 

H 

A©B 

A  plus  B 

A  plus  B  plus  1 

H 

L 

H 

L 

B 

(A  +  B)  plus  AB 

(A+B)plusABplus1 

H 

L 

H 

H 

AB 

AB  minus  1 

AB 

H 

H 

L 

L 

Logic  1 

A  plus  A* 

A  plus  A  plus  1 

H 

H 

L 

H 

A  +  B 

(A  +  B)  plus  A 

(A+B)  plus  A  plus  1 

H 

H 

H 

L 

A  +  B 

(A  +  B )  plus  A 

(A+B)  plus  A  plus  1 

H 

H 

H 

H 

A 

A  minus  1 

A 

Inputs/Outputs  Active  Low 

Function 

Logic 

Arithmetic  Function 

Select 

Function 

M 

=  L 

S3 

S2 

S1 

SO 

M  =  H 

d=L  (no  carry) 

C„=H  (with  carry) 

L 

L 

L 

L 

X 

A  minus  1 

A 

L 

L 

L 

H 

AB 

AB  minus  1 

AB 

L 

L 

H 

L 

A  +  B 

AB  minus  1 

AB 

L 

L 

H 

H 

Logic  1 

minus  1  (2's  compl.) 

Zero 

L 

H 

L 

L 

A  +  B 

A  plus  (A  +  B) 

A  plus  (A+B)  plus  1 

L 

H 

L 

H 

B 

AB  plus  (A  +  B) 

ABplus(A+B)plus1 

L 

H 

H 

L 

A0B 

A  minus  B  minus  1 

A  minus  B 

L 

H 

H 

H 

A  +  B 

A  +  B 

(A  +  B)  plusl 

H 

L 

L 

L 

AB 

A  plus  (A  +  B) 

A  plus  (A+B)  plus  1 

H 

L 

L 

H 

A  ©  B 

A  plus  B 

A  plus  B  plus  1 

H 

L 

H 

L 

B 

AB  plus  (A  +  B) 

ABplus(A+B)plus1 

H 

L 

H 

H 

A  +  B 

A  +  B 

(A  +  B)  plus  1 

H 

H 

L 

L 

Logic  0 

A  plus  A* 

A  plus  A  plus  1 

H 

H 

L 

H 

AB 

AB  plus  A 

AB  plus  A  plus  1 

H 

H 

H 

L 

AB 

AB  plus  A 

AB  plus  A  plus  1 

H 

H 

H 

H 

A 

A 

A  plus  1 

H  =  High  Level         L  =  Low  Level 

*  Each  bit  is  shifted  to  the  next  more  significant  position. 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vce): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l«  (FOR  Vi  <  -0.5  V  OR  Vi  >  Vcc  +0  5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  lo«  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0  5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (U)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  TA  =  -40  to  +60°C  (PACKAGE  TYPE  E)  500  mW 

For  TA  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  T»  =  -55  to  +100°C  (PACKAGE  TYPE  F,H)  500  mW 

ForT,  =  +100  to  +125°C  (PACKAGE  TYPE  F,H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  TA  »  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F.H   -55  to  +125°C 

PACKAGE  TYPE  E,M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  T,=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature,  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

—55 

+125 

Input  Rise  and  Fall  Times,  t„t<: 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


VGNITUDE  COMPARISON  TABLE 


1  =  High  Level 
0  =  Low  Level 


Active  -  High  Data 

Active  -  Low  Data 

Input 
Cn 

Output 
Cn+4 

Magnitude 

Input 
Cn 

Dutput 
Cn+4 

Magnitude 

1 

1 

A  <  B 

0 

0 

A<  B 

0 

A  <  B 

1 

0 

A  <  B 

1 

0 

A  >  B 

0 

1 

A  >  B 

0 

0 

A  >  B 

1 

1 

A  >  B 

S3  - 
S2  - 


M  - 
FO- 
F1  - 
F2  - 
6  NO  - 


TERMINAL  ASSIGNMENT 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 


CD74HC181/CDS4HC181 


CONDITIONS 


h 

mA 


74HC/54HC 
TYPE8 


Mln  Typ 


74HC 
TYPES 


54HC 
TYPES 


-55/ 
+125° C 


CD74HCT1B1/CD54HCT181 


74HCT/54HCT 


CONDITIONS 


Mln  Typ  Max 


74HCT 
TYPES 


-40/ 
♦85°  C 


54HCT 
TYPES 


-55/ 
♦125°C 


High-Level 
Input  Voltage 


V,„ 


Low-Level 
Input  Voltage 


V,u 


High-Level 

Output  Voltage  Vox 
CMOS  Loads 


I 


V,L 


Low-Level 
Output  Voltage 
CMOS  Loads 


V«. 


TTL  Loads 


V* 
or 

v,„ 


Input  Leakage 
Current 


Vcc 
or 
Gnd 


Any 
Voltage 
Between 
Vcc  &  Gnd 


Quiescent 
Device  Current 


Vcc 
or 
Gnd 


Vcc 
or 
Gnd 


It* 


Quiescent  Device 
Current  per  input 
pin:  1  unit  load  Alec' 


Vcc -2.1 


PA 


•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  5  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

S0-S3 
All  A  and  B  (Data) 
M,  C„ 

1 

0.75 
0.5 

•Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  (iA  max.  @  25°  C. 
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SWITCHING  CHARACTERISTICS  (Vcc=5  V,  T*=25°C,  Input  t,tt=6  n») 


CHARACTERISTIC 

#\  InFl 
*»L  lPrJ 

TYPICAL  VALUES 

UNITS 

HC 

HCT 

SUM  Mode 

Propagation  Delay:  tPLH,  t^L 
A„  or  B„  to  C«4 

15 

19 

22 

ns 

A„  or  Bn  to  G 

15 

18 

23 

A„  or  B„  to  P 

15 

14 

17 

A„  or  Bn  to  F„ 

15 

19 

24 

DIFFERENCE  Mode 

A„  or  B„  to  Cm 

15 

20 

23 

An  or  Bn  to  G 

15 

18 

23 

An  or  Bn  to  P 

15 

14 

17 

A„  Or  Bn  tO  F„ 

15 

20 

24 

A„  or  B„  to  A  =  B 

15 

21 

25 

LOGIC  Mode 

A„  or  B„  to  F„ 

15 

19 

23 

SUM  and 

DIFFERENCE  Mode 

Cn  tO  Cn*4 

15 

13 

18 

C„  to  F„ 

15 

17 

20 

Power  Dissipation  Capacitance*  CPD 

120 

140 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Pd  =  Cpd  Vce2  fi  +  2  CL  Vcc2  U  where  fi  =  input  frequency 

fo  =  output  frequency 
Cl  =  output  load  capacitance 
Vcc  =  supply  voltage. 


AC  Test  Setup  Reference  (Active-Low  Data) 


Teat  Delay  Timet 

AC  Paths 

DC  Data  Inputs 

Mode* 

Inputs 

Outputs 

To  Gnd 

To  Vcc 

SUMIN  to  SUMour 

BO 

Any  F 

BT,  b5,  55,  m, 
c„ 

All  A's 

ADD 

SUM,NtoP 

AO 

P 

A1,  A2,  A3,  M, 

Cn 

All  B's 

ADD 

SUMIN  to  G 

BO 

G 

All  A's,  M,  C„ 

B1,  B2,  B3 

ADD 

SUM,*  to  C„« 

BO 

Cn+4 

All  A's,  M,  Cn 

B1,  B2,B3 

ADD 

Cn  tO  SUMouT 

Cn 

Any  F 

All  A's,  M 

All  B's 

ADD 

Cn  tO  Cn*< 

Cn 

Cn+4 

All  A's,  M 

All  B's 

ADD 

SUM,N  to  A  =  B 

BO 

A  =  B 

All  A's,  B1, 
B2,  B3,  M 

c„ 

SUBTRACT 

SUMIN  to  SUMout 
(Logic  Mode) 

All  B's 

Any  F 

All  As,  Cn 

M 

EXCLUSIVE- 
OR 

•ADD  Mode:  SO,  S3  =  Vcc;  S1,  S2  =  Gnd. 
SUBTRACT  Mode:  SO,  S3  =  Gnd;  S1 ,  S2  =  Vcc. 
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SWITCHING  CHARACTERISTICS  (CL  =  SO  pF,  Input  Mr  =  6  n.) 


LIMITS 

CHARACTERISTIC 

vcc 

(V) 

25°  C 

-40°Ct< 

>+85c 

c 

-55°  C  to +125 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay,  tpix 

2 

— 

225 

— 

280 

345 

SUM  Mode  tpHL 

4.5 

— 

45 

— 

53 

— 

56 

66 

69 

80 

An  Or  Bn  tO  Cn*4 

0 

38 

-=— 

48 

59 

2 

— 

210 



265 

— 

— 

315 

A„  or  Bn  to  G 

4.5 

— 

42 



54 

53 

— 

53 

63 

63 

6 

36 

45 

54 

2 

— 

170 



—  

215 

255 

— 

An  or  Bn  to  P 

4.5 

— 

34 



41 

— 

43 



51 



51 

— 

62 

6 

— 

29 

— 

37 

43 

— 

— 

2 

— 

230 



— 

— 

290 

345 

A„  or  B„  to  F„ 

4.5 

— 

46 



58 

— 

58 



58 



69 



69 

6 

— 

39 

— 

49 

59 

— 

Propagation  Delay,  tpHu 

2 

— 

235 



— 

— 

285 





355 

DIFFERENCE  Mode  tpm 

4.5 

— 

47 



55 

— 

59 



69 

71 



83 

A„  Or  Bn  tO  Cn»4 

6 

40 

50 

60 

— 

2 

— 

215 





— 

270 

325 

A„  or  B„  to  G 

4.5 

— 

43 



54 

— 

54 



54 

— 

65 



65 

6 

37 

46 

— 

— 

55 

— 

2 

— 

170 



— 

— 

215 



— 

— 

255 



— 

An  or  B„  to  P 

4.5 

— 

34 



40 

— 

43 



50 

— 

51 



60 

6 

— 

29 



— 

— 

37 



— 

— 

43 



— 

2 

— 

235 



— 

— 

295 



— 

— 

355 



— 

A„  or  B„  to  F„ 

4.5 

— 

47 



57 

— 

59 



71 

— 

71 



86 

6 

— 

40 



— 

— 

50 



— 

60 



— 

2 

— 

245 



— 

— 

305 



— 

— 

370 



— 

A„  or  Bn  to  A=B 

4.5 

— 

49 



60 

— 

61 



75 

— 

74 



90 

6 

42 

52 

63 

Propagation  Delay,  tpHL 

2 

230 

290 

345 

LOGIC  Mode  tPm 

4.5 

46 

54 

58 

68 

69 

81 

An  or  Bn  to  Fn 

6 

39 

49 

59 

Propagation  Delay,  tpML 

2 

165 

205 

250 

SUM  &  DIFF.  Modes  tPLH 

4.5 

33 

42 

41 

53 

50 

63 

Cn  tO  Cn+4 

6 

28 

35 

43 

2 

200 

250 

300 

Cn  tO  F„ 

4.5 

40 

48 

50 

56 

60 

68 

6 

34 

43 

51 

Output  Transition  tTHL 

2 

75 

95 

110 

Time  tTLH 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input  Capacitance  d 

10 

10 

10 

10 

10 

10 

UNITS 
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High-Speed  CMOS  Logic 


CARRY 
PROP.  ■ 
INPUTS 


GEN.  ■ 
INPUTS 


PO^-C 
P1-2-0 

P3-r 
G2^ 

G3-5<: 


VCC -16 
GND"  B 

92CS-40ZO9 


3—  P  PROP 

OUTPUT 
.10  CARRY 
0 — G  GEN 
OUTPUT 


-Cnt« 


ANTICIPATED 
CARRY  U 
OUTPUTS  J 


Look-Ahead  Carry  Generator 

Type  Features: 

■  Provides  carry  look-ahead  across  a  group  of  four  ALUs 

■  Multi-level  look-ahead  lor  high-speed  arithmetic  operation  over  long 

word  length 


FUNCTIONAL  DIAGRAM 


TheRCA-CD54/74HC182  and  CD54/74HCT182  carry  look- 
ahead  generators  are  high-speed  silicon-gate  CMOS 
devices  and  are  pin  compatible  with  low-power  Schottky 
TTL  (LSTTL). 

The  CD54/74HC/HCT182 _accept_up  to  four  pairs  of  actjve 
LOWcarry  propagate  (P0,  Pi,  P2,  P3)  and  carry  generate  (Go, 
G1,  G2,  G3)  signals  and  an  active  HIGH  carry  input(C).  The 
devices  provide  anticipated  active  HIGH  carries  (C„+„,  C+„ 
Cn+2)  across  four  groups  of  binary  adders.  The  HC/HCT182 
also  has  active  LOW  carry  propagate  (P)  and  carry  generate 
(G)  outputs  which  may  be  used  for  further  levels  of  look 
ahead. 

The  logic  equations  provided  at  the  outputs  are: 

Cn+x  -  PoCn 

C„+y  =  G1  +  P1G0  +  PlPoCn 

Cn+i  =  G2  +  P2G1  +  P2P1G0  +  PaPlPpCn 

G  -  G3  +  P3G2  +  P3P2G1  +  P3P2P1G0 

P  =  P3P2PiPo 

The  CD54/74HC/HCT182  can  also  be  used  with  binary 
ALUs  in  an  active  LOW  or  active  HIGH  input  operand  mode. 
The  connections  to  and  from  the  ALU  to  the  carry  look- 
ahead  generator  are  identical  in  both  cases. 

The  CD54HC182  and  CD54HCT182  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC182  and  CD74HCT182  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface-mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 

Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 
m  Wide  operating  temperature  range: 
CD74HC/HCT:    -40  to  +85°  C 

■  Balanced  propagation  delay  and  transition  times 

■  Significant  power  reduction  compared  to  LSTTL 

logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  noise  immunity:  Nu.  =  30%,  Nik  =  30%  of  Vcc 
@VCC  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  input  logic  compatibility 

VIL  =  0.8V  max.,  V,„  =  2V  Mm. 
CMOS  input  compatiblity 

I,  <  I  ttA  @  Vol,  Voh 


G1  

1 

16 

—  vcc 

P1  

2 

15 

  P2 

GO  

3 

11 

 G2 

PO^  

4 

13 

 Ga 

G3  

5 

12 

 °iv>x 

P3  

6 

11 

 cn*y 

P  

7 

10 

  G 

GND  

8 

9 

 cn*i 

TOP  VIEW 

92CS-4020S 


TERMINAL  ASSIGNMENT 


Technical  Data 


CD54/74HC182 
CD54/74HCT182 


92CL- 40207 


Fig.  1  -  Logic  diagram. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +  0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  Vo  <  -0.5  V  OR  V0  >  Vcc  +  0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +  0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)   ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  Ta  ■  -40  to  *60°C  (PACKAGE  TYPE  E)  500  mW 

For  T»  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  T»  =  -55  to  +1 00°  C  (PACKAGE  TYPE  F,  H)   500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°  C  (PACKAGE  TYPE  M)  400  mW 

ForTA  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Lineary  at  6  mW/° C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGETYPE  E,  M  -40  to  +85°C 

STORAGE  TEMPERATURE  (T„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300"C 


Technical  Data  

CD54/74HC182 
CD54/74HCT182 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within  the 


following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package  Temperature  Range)  VCc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  Vt,  Vo 

0 

Vcc 

V 

Operating  Temperature  Ta: 

CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°c 
°c 

Input  Rise  and  Fall  Times,  t,,  ti 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

C„ 

Go 

Po 

Gi 

Pi 

Gs 

P2 

m 

P3 

Cn+x 

Cn+y 

Cn+I 

G 

P 

X 

H 

H 

L 

L 

H 

X 

L 

X 

L 

X 

H 

H 

X 

L 

H 

X 

X 

X 

H 

H 

L 

X 

H 

H 

H 

X 

L 

L 

H 

X 

H 

X 

L 

X 

X 

X 

L 

X 

H 

X 

L 

X 

X 

H 

H 

X 

L 

X 

H 

X 

X 

X 

X 

X 

H 

H 

L 

X 

X 

X 

H 

H 

H 

X 

L 

X 

H 

H 

H 

X 

H 

X 

L 

L 

H 

X 

H 

X 

H 

X 

L 

X 

X 

X 

X 

X 

L 

X 

H 

X 

X 

X 

L 

X 

X 

L 

H 

X 

L 

X 

X 

L 

X 

L 

H 

H 

X 

L 

X 

L 

X 

L 

H 

X 

X 

X 

X 

X 

H 

H 

H 

X 

X 

X 

H 

H 

H 

X 

H 

X 

H 

H 

H 

X 

H 

X 

H 

H 

H 

X 

H 

X 

H 

X 

H 

X 

X 

X 

X 

X 

L 

X 

L 

X 

X 

X 

L 

X 

X 

L 

L 

X 

L 

X 

X 

L 

X 

L 

L 

L 

X 

L 

X 

L 

X 

L 

L 

H 

X 

X 

X 

H 

X 

H 

X 

X 

H 

X 

X 

H 

X 

H 

X 

X 

X 

H 

H 

L 

L 

L 

L 

L 

H'=  HIGH  voltage  level  L  =  LOW  voltage  level  X  =  don't  care 
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CD54/74HC182 
CD54/74HCT182 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC182/CD54HC182 

CD74HCT182/CD54HCT182 

UNITS 

CHARACTERISTIC 

TE8T 
CONDITIONS 

74HC/54HC 
TYPE8 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE8 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 
mA 

Vcc 
V 

+25°  C 

-40/ 
♦8S°C 

-55/ 
•125° C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125° C 

Mln 

Typ 

M« 

Mln 

Mai 

Mln 

Max 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

High-Level 

Input  voiiage  Vih 

2 

1.5 

- 

1.5 

- 

1.5 

— 

4.5 
to 
5.5 

2 

- 

2 

- 

2 

- 

u 

4.5 

3.15 

3.15 

3.15 

- 

6 

4.2 

4.2 

4.2 

Low- Level 

Input  Voltage  Vil 

2 

0.5 

0.5 

0.5 

- 

4.5 
to 
5.5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

4.5 

- 

- 

1.35 

- 

1.35 

- 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

Vil 
or 
V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

Vil 
or 
V,H 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

— 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

5.9 

59 

TTL  Loads 

V,i 
or 
V,„ 

Vil 
or 
V,„ 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 
or 
Vih 

0.02 

2 

0.1 

0.1 

0.1 

Vil 
or 
V,„ 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

Vil 
or 
V,„ 

V,L 
or 

VlH 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

I n n  1 1  I  Bibtna 

inpui  LeaKage 
Current  li 

Vcc 
or 

Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

aH> 

Quiescent 

Device  Current  Ice 

Vcc 
or 

Gnd 

0 

8 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

fA 

Additional 

Quiescent  Device 

Current  per  input 

pin:  1  unit  load  Alec' 

Vcc -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

■ 


'For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS  * 

Po,  Pi,  P2,  Go,  Gi 

1.5 

Ps,  G2,  Cn 

1.25 

G3 

0.3 

*  Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 /jA  max.  @  25°C. 
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SWITCHING  CHARACTERISTICS  (Vee  =  5  V,  T*  =  25°C,  Input  t„  t,  =  6  n*) 


CHARACTERISTIC 

TYPICAL  VALUES 

UNITS 

CL 
(dF) 

IF"  I 

HC 

HCT 

Propagation  Delay  Time: 
P„toP 

tPHL,  tpLH 

15 

9 

11 

Cn  to  any  output 

tpHLi  tpLH 

15 

12 

17 

ns 

P„  to  any  output 

tpHLi  tpLH 

15 

12 

13 

G„  to  any  output 

tpHLi  tpLH 

15 

11 

13 

Power  Dissipation  Capacitance  * 

Cpd 

66         |  72 

pF 

*  Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Pd  =  Cpd  Vcc2fi  +  I  (CL  Vce2f0)  where:  fi  =  input  frequency 

fo  =  output  frequency 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t,  t.  =  6  ns) 


LIMITS 

TEST 

25°  C 

-40°Cto+85c 

C 

-55°Cto+125°C 

CHARACTERISTIC 

CONDITIONS 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Vcc 

V 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay,  tPLH 

2 

120 

150 

180 

tpHL 

4.5 

24 

28 

30 

35 

36 

42 

P„  toP 

6 

20 

26 

31 

tPLH 

2 

150 

190 

225 

tPHL 

4.5 

30 

40 

38 

50 

45 

60 

C„  to  any  output 

6 

26 

33 

38 

tPLH 

2 

145 

180 

220 

tpHL 

4.5 

29 

33 

36 

41 

36 

50 

ns 

P„  to  any  output 

6 

25 

31 

31 

tPLH 

2 

135 

170 

205 

tpHL 

4.5 

27 

32 

34 

40 

41 

48 

Gn  to  any  output 

6 

23 

29 

35 

Transition  tTLH 

2 

75 

95 

110 

Time  trm. 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input 
Capacitance 

10 

10 

10 

10 

10 

10 

PF 
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.Technical  Data 


CD54/74HC182 
CD54/74HCT182 


tr=6ns 
INPUT  LEVEL 


3 

'THL 
 90% 

= 

«   tpHL 

92CS-37974RI 


54/74HC 

54/74HCT 



Input  Level 

Vcc 

3  V 



Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Transition  times  and  propagation  delay  times. 
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Technical  Data . 


CD54/74HC190,  CD54/74HCT190 
CD54/74HC191,  CD54/74HCT191 


File  Number  1662 


High-Speed  CMOS  Logic 


BCD/BINARY 
PRESET 

'  PO  P1  P2  P3" 
1sl    ll  1o|  9| 


ASYN.  PARALLEL  11 


LOAD  ENABLE 

CLOCK  - 


COUNT 
ENABLE 


HC/HCT1 90 
HC/HCT1 91 


 Q0~. 

 01     BCD  (1 90) 

BINARY  (191) 

 02  OUTPUTS 

 Q3, 

2  TERMINAL 

3  COUNT  

RIPPLE  CLOCK 

92CS-38520R2 


FUNCTIONAL  DIAGRAM 


Presettable  Synchronous  4-Bit 
Up/Down  Counters 

CD54/74HC/HCT190  BCD  Decade  Counter 
CD54/74HC/HCT191  Binary  Counter 

Type  Features: 

■  Synchronous  counting  and  asynchronous  loading 

■  Two  outputs  for  n-bit  cascading 

■  Look-ahead  carry  for  high-speed  counting 


The  RCA-CD54/74HC/HCT190/191  are  asynchronously 
presettable  BCD  Decade  and  Binary  Up/Down  synchronous 
counters,  respectively. 

Presetting  the  counter  to  the  number  on  preset  data  inputs 
(P0-P3)  is  accomplished  by  a  Low  asynchronous  parallel 
load  input_(PL).  Counting  occurs  when_PI_  is  high,  Count 
Enable  (CE)  is  low,  and  the  Up/Down  (U/D)  input  is  either 
low  for  up-counting  or  high  for  down-counting.  The  counter 
is  incremented  or  decremented  synchronously  with  the 
low-to-high  transition  of  the  clock. 

When  an  overflow  or  underflow  of  the  counter  occurs  the 
Terminal  Count  output  (TC),  which  is  low  during  counting, 
goes  high  and  remains  high  for  one  clock  cycle.  This  output 
can  be  used  for  look-ahead  carry  in  high-speed  cascading 
(see  Fig.  6).  The  TC  output  also  initiates  the  Ripple  Clock. 
(RC)  output  which,  normally  high,  goes  low  and  remains 
low  for  the  low-level  portion  of  the  clock  pulse.  These 
counters  can  be  cascaded  using  the  Ripple  Clock  output  as 
shown  in  Fig.  7. 

If  a  decade  counter  is  preset  to  an  illegal  state  or  assumes 
an  illegal  state  when  power  is  applied,  it  will  return  to  the 
normal  sequence  in  one  or  two  counts  as  shown  in  state 
diagrams. 

The  CD54HC/HCT190  and  the  CD54HC/HCT1 91  are  sup- 
plied in  16-lead  ceramic  dual-in-line  packages  (F  suffix). 
The  CD74HC/HCT190  and  the  CD74HC/HCT191  are  sup- 
plied in  a  16-lead  dual-in-line  plastic  packages  (E  suffix) 
and  in  16-lead  dual-in-line  surface  mount  plastic  packages 
(M  suffix).  The  CD54/74HC/HCT190  and  the  CD54/74HC/ 
HCT191  are  also  supplied  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 

High  Noise  Immunity:  Nil  =  30%,  Nm  =  30% 
Of  Vcc,  @Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

y,L  =  0.8  V  Max.,  Vm  =  2  V  Min. 
CMOS  Input  Compatibility 

h<1  (jA@  Vol,  Voh 


P1 
01- 
00  - 
_CE- 
U/D- 
Q2- 
Q3- 
GND  - 


 1 

16 

 2 

15 

— S 

14 

 4 

13 

 5 

12 

 6 

11  

 7 

10 

_§ 

9  

vcc 

PO 
CP 
■  RC 
TC 
PL 
P2 
P3 


HC/HCT190,  HC/HCT191 
TERMINAL  ASSIGNMENT 
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 Technical  Data 

CD54/74HC190,  CD54/74HCT190 
CD54/74HC191,  CD54/74HCT191 


Fig.  2  -  Logic  diagram  tor  HC/HCT191  {continued  on  next  page).  92cl-38523rj 
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CD54/74HC190,  CD54/74HCT190 
CD54/74HC191,  CD54/74HCT191 


Technical  Data 


CD54/74HC190,  CD54/74HCT190 
CD54/74HC191,  CD54/74HCT191 


TRUTH  TABLE 


Inputs 

Function 

PL 

CE 

U/D 

CP 

H 

L 

L 

_r 

Count  Up 

H 

L 

H 

_r 

Count  Down 

L 

X 

X 

X 

Asyn.  Preset 

H 

H 

X 

X 

No  Change 

92CS- 36522R3 


Note: 

U/D  or  CE  should  be  changed 
only  when  clock  is  high. 
X  =  Don't  care. 


'Low-to-high  clock 
transition. 


Fig.  3  -  Flip-flop  cell  for  HC/HCT190  and  HC/HCT191. 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0-5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,„  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT.  Iok  (FOR  V„  <  -0.5  V  OR  V0  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  V0  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice)  ±s0  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -55  to  +1 00°  C  (PACKAGE  TYPE  F,  H)    500  mW 

ForT,  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T*  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

ForT.  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  F,  H  -55  to  +125°  C 

PACKAGE  TYPE  E.  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  IT.*)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°C 

RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature,  TA: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times,  tr,tf: 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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CD54/74HC190,  CD54/74HCT190 
CD54/74HC191,  CD54/74HCT191 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC1 90/CD54HC1 90 
CD74HC191/CD54HC191 

CD74HCT190/CD54HCT190 
CD74HCT191/CD54HCT191 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

b 
mA 

Vcc 
V 

+25°  C 

-40/ 
•85°  C 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125° C 

Mln 

Typ 

Mai 

Mln 

Mln 

Mai 

Mln 

Typ 

Mai 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V,H 

2 

1.5 

_ 

_ 

1.5 



1.5 



4.5 
to 
5.5 

2 

2 

2 

V 

4.5 

3  15 

_ 

3.15 

3.15 

_ 

6 

42 

4.2 

4  2 

Low- Level 

Input  Voltage  ViL 

2 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4.5 

— 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  VOM 
CMOS  Loads 

ViL 

or 
V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

V|L 

or 
v,„ 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

- 

4.4 

- 

4.4 

- 

6 

59 

5.9 

5.9 

TTL  Loads 

V,L 

or 

v,„ 

-4 

Vn 
or 
v,„ 

4.5 

3.98 

384 

3.7 

V 

4.5 

3.98 

3.84 

3  7 

-5  2 

6 

5.48 

5.34 

52 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

ViL 

or 
V,„ 

0.02 

2 

0.1 

0.1 

0.1 

ViL 

or 
V,„ 

4.5 

0.1 

0.1 

0  1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

1  1  L  Loaus 

ViL 

or 

V,H 

4 

ViL 

or 
Vm 

4.5 

0.26 

0.33 

0.4 

V 

4.5 

0.26 

033 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

t0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

Quiescent  Device 
Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec" 

Vcc -2.1 

4.5 

to 

5.5 

100 

360 

450 

490 

fA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

P0-P3 

0.4 

CP 

1.5 

PL 

1.5 

U/D 

1.2 

CE 

1.5 

'Unit  load  is  A  lCc  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 //A  max.  @25°C. 
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CD54/74HC190,  CD54/74HCT190 
CD54/74HC191,  CD54/74HCT191 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


25 

X 

-40°  C  to +85' 

C 

-55°CtO 

+125 

3C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Cofi  in  Time 
ociup    I  1 1 1 It? 

2 

60 

— 

— 

75 

— 

— 

90 

— 

— 

Pn  to  PL 

4.5 

12 

12 

15 

15 

18 

18 

A 
D 

10 

13 

15 

2 

60 

- 

- 

75 

- 

- 

90 

- 

- 

CEtoCP 

tsu 

4.5 

12 

12 

15 

15 

18 

18 

6 

10 

— 

— 

— 

13 

— 

— 

— 

15 

— 

2 

90 

115 

135 

U/D  to  CP 

4.5 

18 

— 

18 

— 

23 

— 

23 

— 

27 

— 

27 

— 

6 

15 

— 

— 

— 

20 

— 

— 

— 

23 

— 

— 

— 

Hold  Time 

2 

2 

— 

— 

— 

2 

— 

— 

— 

2 

- 

- 

— 

Pn  trt  PI 
rn  lo  rL 

6 

2 
2 

_ 
— 

2 
— 

— 
— 

2 
2 

— 
— 

2 
— 

— 
— 

2 
2 

— 
— 

2 
— 

— 
— 

ns 

o 
c 

2 

— 

— 

2 

— 

— 

2 

— 

— 

CE  to  CP 

lH 

4  5 
6 

2 
2 

— 

2 
— 

— 

2 
2 

— 

2 
— 

— 

2 
2 

— 

2 
— 

— 

U/D  to  CP 

o 

C 

4.5 
6 

0 
0 
0 

— 

— 

— 
0 

— 
— 

0 
0 
0 

— 

— 

— 
0 

— 

— - 

0 
0 
0 

— 
— 

— 
0 

— 
— 

KM  a  v  i  nri  i  i  m  Cram  ion^\/' 

rvidAi mum  rrcqueriL.y 

IMAX 

o 
c. 

6 

30 

30 

5 

25 

25 

4 

20 

20 

MHz 

D 

35 

29 

23 

2 

60 

75 

90 

Recovery  Time 

tREC 

4.5 

12 

12 

15 

15 

18 

18 

6 

10 

13 

15 

2 

80 

100 

120 

CP  Pulse  Width 

tw 

4.5 
6 

16 
14 

16 

20 
17 

20 

24 
20 

24 

ns 

2 

100 

125 

150 

PL.  Pulse  Width 

tw 

4.5 

20 

20 

25 

25 

30 

30 

6 

17 

21 

26 

■ 


'Applies  to  non-cascaded  operation  only.  With  cascaded  counters  clock-to-terminal  count  propagation  delays,  count  enable 
(CE)-to-clock  set-up  times,  and  count  enable  (CE)-to-clock  hold  times  determine  max.  clock  frequency.  For  example,  with 
these  HC  devices: 


fm„  (CP)  =  —  —  =   !        =,  18  MHz 

CP-to-TC  prop,  delay  +  CE-to-CP  setup  +  CE-to-CP  Hold     42  +  12  +  2 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 
^nMn«^  i  Enid  I  iv 

SYMBOL 

TYPICAL  VALUES 

UNITS 

HC 

HCT 

190 

191 

190 

191 

Propagation  Delay  (Cl  =  15  pF) 
Pi  to  Qn 

tpLH 
tpHL 

16 

16 

17 

17 

ns 

Pn  to  Qn 

14 

14 

16 

16 

CP  to  Qn 

14 

14 

14 

14 

CP  to  RC 

10 

10 

11 

11 

CP  to  TC 

18 

18 

18 

18 

U/D  to~RC 

12 

12 

12 

12 

U/D  to  TC 

13 

13 

16 

16 

CE  to  RC 

10 

10 

11 

11 

Power  Dissipation  Capacitance 

CpD* 

59 

55 

78 

68 

PF 

"Cpd  is  used  to  determine  the  power  consumption,  per  package. 
PD=Cpd  Vcc2  fi  +  I  (CL  Vcc2  to)  where:  f,=  input  frequency  fc=output  frequency  CL=output  load  capacitance    VCc=supply  voltage 
SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°  C  to  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max 

Min. 

Max 

Min 

Max 

Propagation  Delay 

tpLH 

2 



195 







245 







295 





PL  to  Qn 

tpHL 

4.5 



39 



40 



49 



50 



59 



60 

6 

_ 

33 







42 





— 

50 



— 

tpLH 

2 



175 







220 





_ 

265 

_ 

_ 

Pn  to  Qn 

tpHL 

4.5 

35 

38 

— 

44 

48 

- 

53 

- 

57 

6 

30 

37 

45 

tpLH 

2 

170 

215 

255 

CP  to  Qn 

tpHL 

4.5 

34 

35 

43 

44 

51 

53 

6 

29 

37 

43 

tpLH 

2 

125 

155 

190 

CP  to  RC 

tpHL 

4.5 

25 

27 

31 

34 

38 

41 

6 

21 

26 

32 

t-PLH 

2 

210 

265 

315 

CP  to  TC 

tpHL 

4.5 

42 

42 

53 

53 

63 

63 

ns 

6 

36 

45 

54 

tpLH 

2 

150 

190 

225 

U/D  to  RC 

tpHL 

4.5 

30 

30 

38 

38 

45 

45 

6 

26 

33 

38 

tpLH 

2 

165 

205 

250 

U/D  to  TC 

tpHL 

4.5 

33 

38 

41 

48 

50 

57 

6 

28 

35 

43 

tpLH 

2 

125 

155 

190 

CE  to  RC 

tpHL 

4.5 

25 

27 

31 

34 

38 

41 

6 

21 

26 

32 

Output  Transition 

tlLH 

2 

75 

95 

110 

Time 

t-THL 

4.5 

15 

15 

19 

19 

22 

22 

Qn,  TC,  RC 

6 

13 

16 

19 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

PARALLEL  LOAD  ""K  ' 


PRESET 

INPUT 

OATA 


TIMING  DIAGRAMS 

LOAD 


■INHIBIT'    I      COUNTDOWN  -I 
LOAD 

Sequence: 

(1)  Load  (preset)  to  BCD  seven  i  (3)  Inhibit 

(2)  Count  up  to  eight,  nine,  zero,  one  and  two  !  (4)  Count  down  to  one,  zero.  nine,  eight,  and  seven 

Fig.  4  -  HC/HCT190  decade  counters  typical  load,  count,  and 
inhibit  sequences. 


TERMINAL  COUNT"  —I 


RIPPLE  CLOCK"  ^ 


|     ||  COUNT  UP  1- 

LOAD 


|     L— COUNT  DOWN  — | 


131  I 


(1|  Load  (preset)  lo  binary  thirteen  «)  Count  down  to  one.  zero,  fifteen. 

(2)  Count  up  to  fourteen,  fifteen  zero,  one,  and  two  fourteen,  and  thirteen 

92CM-38402 

Fig.  5  -  HC/HCT191  binary  counters  typical  load,  count,  and 
inhibit  sequences. 


92CS-38400 

Fig.  6  -  Sychronous  n-stage  counter  with  parallel  gated  Terminal  Rg.  7  -  Synchronous  n-stage  counter  using  ripple  clock. 

Count. 


tuu™  '  up  NOTE:    ILLEGAL  STATES  IN  BCD  COUNTERS 

NOTE:    ILLEGAL  STATES  IN  BCD  COUNTERS  CORRECTED  IN  ONE  OR  TWO  COUNTS. 

CORRECTED  IN  ONE  COUNT 

92CM-4033S 

Fig.  8  -  HC/HCT190  State  Diagrams. 
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CD54/74HC190,  CD54/74HCT190 
CD54/74HC191,  CD54/74HCT191 


INPUT  LEVEL 


VS 

'PHL  !■  '|  IPL 
VS 


RC 


IPHL 
VS 


INPUT  LEVEL 
tPLH 


Waveform  2 
■  ■  INPUT  LEVEL 

p-_y  \_  


INPUT  LEVEL 


1 


h — -4—  iph 

^VS 


■T."V.  /7S 

r  'W  4*'rei 


 INPi 


-INPUT  LEVEL 


A  / 


■  INPUT  LEVEL 


\ 


IPHL 

VS 


— a  y — 4-iplh 

— y5 


<SU(L) |~  ~f 


INPUT  LEVEL 


lH(L) 
INPUT  LEVEL 


INPUT  LEVEL 


^tsu(H)  — 

-  INPUT 
1  LEVEL 


The  shaded  areas  indicate  when  the  Input  Is  permitted  to  change  tor  predictable  output  performance 

92CL-38403R3 


54/74HC 

54/74HCT 

Input  Level 

VCC 

3  V 

Switching  Voltage,  V$ 

50%  Vcc 

1.3  V 

Fig.  9  -  Transition,  propagation  delay,  setup  and  hold,  and  recovery  times. 
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File  Number  1674 


Technical  Data 


CD54/74HC192,  CD54/74HCT192 
CD54/74HC193,  CD54/74HCT193 


High-Speed  CMOS  Logic 


BCD/BINARY  PRESET 


ASYNC 
PARALLEL 
LOTTO 
ENABLE 


MASTER  _ 
RESET 


CLOCK  UP- 
CLOCK  DOWN  — 


'po  P1  P2  P3* 

If  5  [l    |l0  |s 

■3— 

2— 

2— 

Z— 

,12 

13 

BCIX1 92) 

BINARY{193) 

OUTPUTS 


-  TERMINAL 
COUNT  UP 
TERMINAL 
COUNT  DOWN 


9ZCS-38364RI 


FUNCTIONAL  DIAGRAM 


Presettable  Synchronous  4-Bit 
Up/Down  Counters 

CD54/74HC/HCT192  BCD  Decade  Counter, 

Asynchronous  Reset 
CD54/74HC/HCT193  4-Bit  Binary  Counter, 

Asynchronous  Reset 
Type  Features: 

■  Synchronous  counting  and  asynchronous  loading 

■  Two  outputs  for  n-bit  cascading 

■  Look-ahead  carry  for  high-speed  counting 


The  RCA-CD54/74HC/HCT192/193  are  asynchronously 
presettable  BCD  Decade  and  Binary  Up/Down  synchronous 
counters,  respectively. 

Presetting  the  counter  to  the  number  on  preset  data  inputs 
(P0-P3)  is  accomplished  by  a  LOW  asynchronous  parallel 
load  input  (PL).  The  counter  is  incremented  on  the  low-to- 
high  transition  of  the  Clock-Up  input  (and  a  high  level  on 
the  Clock-Down  input)  and  decremented  on  the  low-to- 
high  transition  ot  the  Clock-Down  input  (and  a  high  level  on 
the  Clock-Up  input).  A  high  level  on  the  MR  input  overrides 
any  other  input  to  clear  the  counter  to  its  zero  state.  The 
Terminal  Count  Up  (carry)  goes  low  half  a  clock  period 
before  the  zero  count  is  reached  and  returns  to  a  high  level 
at  the  zero  count.  The  Terminal  Count  Down  (borrow)  in  the 
count  down  mode  likewise  goes  low  half  a  clock  period 
before  the  maximum  count  (9  in  the  192  and  15  in  the  193) 
and  returns  to  high  at  the  maximum  count.  Cascading  is 
effected  by  connecting  the  carry  and  borrow  outputs  of  a 
less  significant  counter  to  the  Clock-Up  and  Clock-Down 
inputs,  respectively,  of  the  next  most  significant  counter. 

If  a  decade  counter  is  preset  to  an  illegal  state  or  assumes 
an  illegal  state  when  power  is  applied,  it  will  return  to  the 
normal  sequence  in  one  count  as  shown  in  state  diagram. 

The  CD54HC/HCT1 92  and  the  CD54HC/HCT1 93  are  supp- 
lied in  16-lead  ceramic  dual-in-line  packages  (F  suffix). 
The  CD74HC/HCT192  and  CD74HC/HCT193  are  supplied 
in  16-lead  plastic  dual-in-line  packages  (E  suffix)  and  in 
16-lead  dual-in-line  surface  mount  plastic  packages  (M 
suffix).  The  CD54/74HC/HCT192  and  the  CD54/74HC/ 
HCT193  are  also  supplied  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity:  Nil  =  30%,  Nm  =  30% 
of  Vcc,  @  Wcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

Vil  =  0.8  V  Max.,  Vm  =  2V  Min. 
CMOS  Input  Compatibility 

h<1  VA@  Vol.  Voh 


P1  - 
01- 
QO- 
CPD- 
CPU- 
02- 
03- 
GND- 


 1 

i»_ 

2 

!S- 

—3 

J4_ 

— i 

13 

— a 

12 

6 

a- 

—L 

ip_ 

—5- 

2— 

-vCc 

-PO 
-MR 
-TCD 
-TCU 
-PL 
-P2 
-P3 


92CS-3S365 


TERMINAL  ASSIGNMENT 
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92CM-56569 

Fig.  2  -  CARRY  logic  cells  for  CD54/74HC/HCT192  (f)  Cell  3Dr 
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CD54/74HC192,  CD54/74HCT192 
CD54/74HC193,  CD54/74HCT193 


MRO— O  O 

PLO->  [> 

5  - 

CPUO— l> 


Fig.  4  -  Logic  diagram  of  llip-llops  lor  HC/HCT192/193. 
TRUTH  TABLE 


Clock 

Clock 

Reset 

Parallel 

Function 

Up 

Down 

Load 

J~ 

H 

L 

H 

Count  Up 

H 

J~ 

L 

H 

Count  Down 

X 

X 

H 

X 

Reset 

X 

X 

L 

L 

Load  Preset 

Inputs 

J  —  low-to-high  transition 
x  =  don't  care 


271 


Technical  Data 


CD54/74HC192,  CD54/74HCT192 
CD54/74HC193,  CD54/74HCT193 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  Iik  (FOR  Vi  <  -0.5  V  OR  Vi  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Ion  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT.  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  TA  »  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  T,  =  +60  to  +85° C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  T.  =  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  T,  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F,  H  -55  to  +125°  C 

PACKAGE  TYPE  E,  M  "40  10  +85°  C 

STORAGE  TEMPERATURE  (T„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vi,  Vo 

0 

Vcc 

V 

Operating  Temperature,  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times,  t„t(: 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC192  1 93CD54HC1 92/ 193 

CD74HCT192/193/CD54HCT192/193 

TEST 
CONDITIONS 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

CHARACTERISTICS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

UNITS 

V, 
V 

lo 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85"  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

.25°  C 

-40/ 
+85°  C 

-55/ 
♦  125°C 

Mln 

Typ 

Max 

Mln 

Mai 

Mln 

M« 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

High-Level 

Input  Voltage  V,„ 

2 

1.5 

1.5 

1.5 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

3  15 

3.15 

6 

4.2 

- 

4.2 

42 

Low- Level 

Input  Voltage  VIL 

2 

0.5 

0.5 

0.5 

45 

to 
5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1  35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  V0h 
CMOS  Loads 

V,L 

or 
V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

Yn 
or 
V,„ 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

- 

4.4 

4.4 

6 

59 

5.9 

5.9 

TTL  Loads 

V,L 
or 

V|H 

V* 
or 

V|H 

4.5 

3.98 

- 

- 

3.84 

- 

3.7 

- 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Vk. 
or 
V,„ 

0.02 

2 

0.1 

0.1 

0.1 

Vn. 
or 
V,„ 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,l 
or 
V,» 

ViL 

or 
V,„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

52 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  l( 

Vcc 
or 
Gnd 

6 

t0.1 

±1 

±1 

Any 
Voltage 
Between 
VCc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

«A 

Quiescent  Device 
Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

55 

8 

80 

160 

(/A 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alcc- 

Vcc -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

*A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

P0-P3 

0.4 

MR 

1.45 

PL 

0.85 

CPU,  CPD 

1.45 

"Unit  load  is  A  lcc  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 //A  max.  @  25° C. 
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SWITCHING  CHARACTERISTICS  (VCc=5  V,  T.=25°C,  Input  t„ti=6  ns) 


CHARACTERISTIC 

SYMBOL 

TYPICAL 
VALUES 

UNITS 



HC 

HCT 

Propagation  Delay  (Cl  =  15  pF) 

tpLh 

10 

11 

CPU;  CPD  to  Qn 

tpHL 

18 

17 

ns 

PL  to  Qn 

18 

21 

MR  to  Qn 

tpHL 

17 

18 

Power  Dissipation  Capacitance 

Cpd* 

40 

50 

pF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
PD=CPD  Vcc2  fi  +  I  (Cl  Vcc2  fo)  where: 
fi=input  frequency 
f„=output  frequency 
CL=output  load  capacitance 
VCc=supply  voltage 


Pre-requlslte  for  Switching  Function 


25°  C 

40  C  to  -85  C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

vCc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Pulse  Width: 
CPU,  CPD 

192 

tw 

2 

4.5 
6 

115 

23  . 
20 

— 

23 

145 
29 
25 

29 

— 

175 
35 
30 

— 

35 

— 

CPU,  CPD 

193 

2 

4.5 
6 

100 
20 
17 

23 

125 
25' 
21 

- 

29 

150 
30 
26 

35 

PL 

<L 

2 

4.5 
6 

80 
16 
14 

16 

100 
20 
17 

- 

20 

- 

120 
24 
20 

- 

24 

MR 

2 

4.5 
6 

100 
20 
17 

20 

125 
25 
21 

25 

150 
30 
26 

30 

Setup  Time 
PntoPL 

<su 

2 

4.5 
6 

80 
16 
14 

15 

100 
20 
17 

19 

120 
24 
20 

22 

ns 

Hold  Time 
Pn  to  PL 

% 

2 

4.5 
6 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

Hold  Time 
CPD  to  CPU 
or  CPU  to  CPD 

tH 

2 

4.5 
6 

80 
16 
14 

16 

100 
20 
17 

20 

120 
24 
20 

24 

Recovery  Time 
PL  to  CPU,  CPD 

Wc 

2 

4.5 
6 

80 
16 
14 

15 

100 
20 
17 

19 

120 
24 
20 

22 

MR  to  CPU,  CPD 

2 

4.5 
6 

5 
5 
5 

5 

5 
5 
5 

5 

5 
5 
5 

5 

Maximum  Frequency 
CPU,  CPD 

192 

^MAX 

2 

4.5 
6 

5 
22 
24 

22 

4 
18 
21 

18 

3 
15 
18 

15 

MHz 

CPU,  CPD 

193 

2 

4.5 
6 

5 
25 
29 

22 

4 

20 
24 

18 

3 
17 
20 

15 
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SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  t„t,=6  ns) 


25°C 

-40°Cto  +85°  C 

-55°Cto  +125 

°C 

CHARACTERISTIC 

SYMBOL 

VCC 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

mln. 

Maw 
max. 

Mln 
Mln. 

May 

max. 

Mln 
mill. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Min. 

Max. 

Prnnanation  DpIav 

i    1  wpaV^aUUJ  1    I—/  \s  1  CI  y 

— uCh  

PLH 

2 

19^ 

1 55 

1 90 

CPU  to  TCU 

tPHL 

4.5 

25 

97 

31 

34 

38 

41 

e 

91 

Oft 

19 

2 

1  OR 

I  OO 

1  on 

4  5 

c.0 

07 

O  I 

*iA 

oo 

A  1 

§ 

01 
£  I 

Oft 

19 

2 

oon 

07n 

19R 

CPU  to  On 

4  5 

At 

4U 

04 

tin 

ftft 
DO 

60 

c 

D 

*>7 

Aft 

□  0 

o 
£ 

220 

270 

325 

ppn  tn  On 

4.5 

43 

40 

54 

50 

65 

60 

6 

37 

46 

55 

2 

220 

275 

330 

PL  to  Qn 

4.5 

44 

47 

55 

59 

66 

71 

ns 

6 

37 

47 

56 

2 

200 

250 

300 

MR  to  Qn 

4.5 

40 

43 

50 

54 

60 

65 

6 

34 

43 

51 

Transition  Time: 

tlHL 

2 

75 

95 

110 

Q.  TCU,  TCD 

tTLH 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

Technical  Data 


CD54/74HC192,  CD54/74HCT192 
CD54/74HC193,  CD54/74HCT193 


Sequences: 

(1)  Reset  outputs  to  zero. 

(2)  Load  (preset)  to  BCD  seven. 

(3)  Count  up  to  eight,  nine,  terminal 
count  up,  zero,  one  and  two. 

(4)  Count  down  to  one,  zero,  terminal 
count  down,  nine,  eight  and  seven. 


MASTER  RESET  [~| 
ASYNC  PARALLEL  LOAD 

PRESET  DATA 


OUTPUTS 

lQ3ZH 
TERMINAL  COUNT  UP 
TERMINAL  COUNT  DOWN 


RESET  PRESET 


COUNT  DOWN-—I 

92CS-38573 


(a)  HC192  synchronous  decade  counters.  Typical  reset,  preset  and  count  sequences. 


Sequences: 

(1)  Reset  outputs  to  zero. 

(2)  Load  (preset)  lo  binary  thirteen. 

(3)  Count  up  to  fourteen,  fifteen, 
terminal  count  up,  zero,  one  and 
two. 

(4)  Count  down  to  one,  zero,  terminal 
count  down,  fifteen,  fourteen  and  thirteen. 

Notel:  Master  reset  overrides  load 
data  and  clock  Inputs 

Note  2:  When  counting  up,  clock-down  Input 
must  be  high;  when  counting  down, 
clock-up  Input  must  be  high. 


MASTER  RESET  l~. 

ASYNC  PARALLEL  LOAD 


RESET  DATA 


CLOCK  DOWN 


TERMINAL  COUNT  UP 
TERMINAL  COUNT  DOWN 


0     15   14  13 

RESET  PRESET^  COUNTUP— -I  U-COUNTDOWN- 

92CS- 38574 


(o)  HC193  synchronous  binary  counters.  Typical  reset,  preset  and  count  sequences. 


Fig.  6  -  Timing  diagrams  for  the  CD54/74HC/HCT1 92(a)  and  193(b). 


.Technical  Data 


CD54/74HC192,  CD54/74HCT192 
CD54/74HC193,  CD54/74HCT193 


CPU  OR  CPD 


VS  (^S 


ON 


-INPUT  LEVEL 


— 1  <PHL  I—  — <  'PLH  h— 


-'PHL 


-  INPUT  LEVEL 


-'PLH 


(a)  Clock  to  output  delays  and  clock  pulse  width. 


92CM-  38572 

(o)  Clock  to  terminal  count  delays. 


INPUT  LEVEL 


pl        fvs  /vT^-vs 

CPU  OR  CPD 


-  INPUT  LEVEL 


,tRF^K  INPUT 
"C  J^vJ-  LEVEL 


'PLHr—  --T'phl 

Pi  


INPUT  LEVEL 


(c)  Parallel  load  pulse  width,  parallel  load  to  output 
delays,  and  parallel  load  to  clock  recovery  time. 


(d)  Master  reset  pulse  width,  master  reset  to  output 
delay  and  master  reset  to  clock  recovery  time. 


INPUT  LEVEL 


INPUT  LEVEL 


HCM-SliTIM 

(e)  Setup  and  hold  times  data  to  parallel  load  (PL). 


54/74HC 

54/74HCT 

Input  Level 

VCC 

3  V 

Switching  Voltage,  V$ 

50%  Vcc 

1.3  V 

Fig.  5-  AC  waveforms. 


APPLICATION 


UP  CLOCK  - 
DOWN  CLOCK  - 


ASYNC,  PARALLEL  LOAD  - 


_|  1  1_ 


PO    P1    P2  P3 
CPU  TCUt> 
CPD  TCD 
MR 

00  O 


_|  1  1  1_ 


i  r~ 

1    02  Q3 


PO    P1    P2  P3 
CPU  TCU  - 

CPD  TCD - 

PL 

OO    01   02  03 


-  CARRY 

-  BORROW 


92CM-58575 


CASCADED  UP/DOWN  COUNTER  WITH  PARALLEL  LOAD 
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File  Number  1668 


CD54/74HC194 
CD54/74HCT194 


High-Speed  CMOS  Logic 


92CS-3S549 

FUNCTIONAL  DIAGRAM 


4-Bit  Bidirectional 
Universal  Shift  Register 


Type  Features: 

■  Four  Operating  Modes:  Shift  Right,  Shift  Left,  Hold  and 

■  Synchronous  parallel  or  serial  operation 

■  Typical  /max  =  60  MHz  @  l/Cc  =  5  V,  CL  =  15  pF,  FA  =  25°  C 

■  Asynchronous  Master  Resejt 


The  RCA-CD54/74HC194  and  CD54/74HCT194  are  4-bit 
shift  registers  with  Asynchronous  Master  Reset  (MR).  In 
the  parallel  mode  (SO  and  S1  are  high),  data  is  loaded  into 
the  associated  flip-flop  and  appears  at  the  output  after  the 
positive  transition  of  the  clock  input  (CP).  During  parallel 
loading  serial  data  flow  is  inhibited.  Shift  left  and  shift  right 
are  accomplished  synchronously  on  the  positive  clock  edge 
with  serial  data  entered  at  the  shift  left  (DSL)  serial  input 
for  the  shift  right  mode,  and  at  the  shift  right  (DSR)  serial 
input  for  the  shift  left  mode.  Clearing  the  register  is  accom- 
plished by  a  Low  applied  to  the  Master  Reset  (MR)  pin. 

The  CD54HC/HCT1 94  devices  are  supplied  in  16-lead 

hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC/HCT1 94  devices  are  supplied  in  16-lead  dual-in- 
line plastic  packages  (E  suffix)  and  in  16-lead  dual-in-line 
surface  mount  plastic  packages  (M  suffix).  Both  types  are 
also  available  in  chip  form  (H  suffix). 


MR 

J_ 

DSR 

2_ 

DO 

J_ 

D1 

4 

D2 

_5 

D3 

_6_ 

DSL 

7 

a 

GND  — 

Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
m  CD54HCICD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

W,L  =  30%,  A/,H  =  30%  of  l/cc;  @  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VtL  =  0.8  V  Max.,  V,„=2V  Min. 
CMOS  Input  Compatibility 

/,  <  7  uA@  Vol,  Voh 


I 


TERMINAL  ASSIGNMENT 
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Technical  Data 


CD54/74HC194 
CD54/74HCT194 


92CS-3B55IRI 

Fig.  2  -  Detail  of  single  Flip-Flop  for  the  CD54/74HC194  and  CDS4/74HCT194. 


TRUTH  TABLE 


Operating 

Inputs 

Outputs 

Mode 

CP 

MR 

S1 

So 

DSR 

DSL 

Dn 

OO 

01 

02 

Q3 

Reset  (clear) 

X 

L 

X 

X 

X 

X 

X 

L 

L 

L 

L 

Hold  (do  nothing) 

X 

H 

l(b) 

l(b) 

X 

X 

X 

qO 

q1 

q2 

q3 

Shift  Left 

H 

h 

l(b) 

X 

I 

X 

q1 

q2 

q3 

L 

r 

H 

h 

Kb) 

X 

h 

X 

q1 

q2 

q3 

H 

Shift  Right 

j- 

H 

Kb) 

h 

I 

X 

X 

L 

qO 

q1 

q2 

j~ 

H 

l(b) 

h 

h 

X 

X 

H 

qO 

q1 

Parallel  Load 

j~ 

H 

h 

h 

X 

X 

dn 

do 

dl 

d2 

d2 
d3 

H  =  HIGH  voltage  level. 

h  =  HIGH  voltage  level  one  setup  time  prior  to  the  LOW-to-HIGH  clock  transition. 
L  =  LOW  voltage  level. 

I  =  LOW  voltage  level  one  setup  time  prior  to  the  LOW-to-HIGH  clock  transition. 
dn  (qn)  =  Lower  case  letters  indicate  the  state  of  the  referenced  input  (or  output) 
one  setup  time  prior  to  the  LOW-to-HIGH  clock  transition. 
X  =  Don't  care. 
J~=  LOW-to-HIGH  clock  transition. 

NOTE:  b.  The  HIGH-to-LOW  transition  of  the  Sq.  and  Si  inputs  on  the  54/74194 
should  only  take  place  while  CP  is  HIGH  for  conventional  operation. 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  lm  (FOR  Vi  <-0.5V  OR  Vi>Vcc +0.5V)    i  20  mA 

DC  OUTPUT  DIODE  CURRENT,  Ion  (FOR  Vo  <  -0.5  OR  Vo  >  Vcc  +0.5  V)   ±  20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)    i  25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice):    ±  50  mA 

POWER  DISSIPATION  PER  PACKAGE  (Pd): 

For  Ta  -  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  Ta  =  +60  to  +85° C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  \  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW/'C  to  300  mW 

For  Ta  =  -40  to  +70° C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING  -TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F.  H    -55to+125°C 

PACKAGE  TYPE  E.  M    -40to  +  85°C 

STORAGE  TEMPERATURE  (Ts,g)    -65  +150° C 

LEAD  TEMPER ATU ARE  (DURING  SOLDERING): 

At  distance  1/16+  1/32  in.  (1.59  t  0  79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the  following 
ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package-Temperature  Range)  Vcc:' 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage  Vi  Vo 

0 

Vcc 

V 

Operating  Temperature  Ta: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+  125 

°c 

InputRiseand  Fall  Times  t,  t. 

at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC/54HC194 

CD74HCT/54HCT194 

TEST 

74HC/54HC 

74HC 

54HC 

TEST 

74HCT/54HCT 

74HCT 

54HCT 

CHARACTERISTIC 

CONDITIONS 

TYPES 

TYPES 

TYPES 

CONDITIONS 

TYPES 

TYPES 

TYPES 

UNITS 

lo 

Vcc 

.  25°C 

-40/ 

♦  85°  C 

-55/ 
*  125°C 

V, 

Vcc 

25°  C 

-40/ 
*  85°C 

-55/ 
«  125°C 

V 

mA 

V 

Min 

Tun 

1  yp 

Max 

Min 

Max 

Min 

Max 

V 

V 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

2 

4  5 

Input  Voltage  Vih 

45 

3  15 

3  15 

3  1 5 

to 

2 

_ 

_ 

2 

2 

6 

4  2 

4.2 

4.2 

_ 

5.5 

V 

Low~Level 

2 

4.5 

inpui  vuiiayc  vil 

4.5 

1 .35 

1 .35 

1 .35 

to 

0.8 

0.8 

0.8 

v 

6 

- 

1.8 

1.8 

1.8 

5.5 

Hign-Levei 

Vil 

2 

1.9 

1  9 

1  9 

Vil 

Output  Voltage  Voh 

or 

-0  02 

4  5 

4.4 

4.4 

4  4 

or 

45 

4  4 

- 

- 

4  4 

4  4 

CMOS  Loads 

Vih 

6 

5  9 

5.9 

5  9 

Vih 

Vk. 

Vil 

TTL  Loads 

or 

-4 

4  5 

3  84 

3  7 

or 

45 

3.98 

_ 

_ 

V 

V,„ 

-52 

6 

5  48 

5.34 

5  2 

Vih 

Low-Level 

Vil 

2 

0.1 

0  1 

0  1 

Vil 

Output  Voltage  Vol 

or 

002 

4  5 

0.1 

0  1 

01 

or 

45 

— 

— 

0.1 

0.1 

0  1 

V 

CMOS  Loads 

Vih 

6 

0  1 

0.1 

0.1 

Vih 

Vil 

Vil 

TTL  Loads 

or 

4 

4  5 

0  26 

033 

04 

or 

45 

0  26 

0  33 

04 

Vih 

5  2 

6 

0  26 

033 

04 

Vih 

Input  Leakage 
Current  li 

Vcc 
or 

6 

10.1 

;1 

ii 

Any 
Voltage 
Between 

Vcc 
& 

Gnd 

5.5 

i0.1 

+  1 

tl 

Gnd 

iiA 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

55 

8 

80 

160 

uA 

Current  Ice 

Gnd 

Gnd 

Additional  quiescent 
Device  Current  Alec" 
per  input  pin: 
1  unit  load 

Vcc-2.1 

4.5 
to 

ST- 

100 

360 

450 

490 

uA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

CP 

0.6 

MR 

0.55 

DSL,  DSR,  Dn 

0.25 

Sn 

1.10 

"Unit  Load  is  AICc  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  fjA  max.  @  25° C. 


Technical  Data 


CD54/74HC194 
CD54/74HCT194 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T*  =  25°  C,  Input  t„  ti  =  6  ns) 


CHARACTERISTIC 

Cl 

TYPICAL 

UNIT 

PF 

HC 

HCT 

Propagation  Delay, 

tPLH 

15 

14 

15 

ns 

Clock  to  Q 

tPHL 

Maximum  Clock  Frequency 

Tmax 

15 

60 

50 

MHz 

Power  Dissipation  Capacitance* 

Cpd 

55 

60 

pF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 

fi  =  input  frequency. 

to  =  output  frequency. 

Cl  =  output  load  capacitance. 

Vcc  =  supply  voltage. 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


TEST 
CONDITION 

LIMITS 

25°  C 

-40°  C  to  +  85"  C 

-55°  Ctc 

+  125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Max.  Clock  Frequency 
Fig.  3 

f  MAX 

2 
4.5 
6 

6 
30 
35 

27 

5 
24 
28 

22 

4 

20 
23 

18 

MHz 

MR  Pulse  Width 
Fig.  4 

tw 

2 
4.5 
6 

80 
16 
14 

18 

100 
20 
17 

23 

120 
24 
20 

27 

ns 

Clock  Pulse  Width 
Fig.  3 

tw 

2 
4.5 

80 
16 

18 

100 
20 

23 

120 
24 

27 

ns 

6 

14 

17 

20 

Set-up  time 
Data  to  Clock 
Fig.  5 

tsu 

2 
4.5 
6 

70 
14 
12 

14 

90 
18 
15 

18 

105 

21 

19 

21 

ns 

Removal  Time 
MR  to  Clock 
Fig.  4 

Irem 

2 

45 
6 

60 
12 
10 

14 

75 
15 
13 

18 

90 
18 
15 

21 

ns 

Set-up  Time 
S1.  SO  to  Clock 
Fig.  6 

tsu 

2 

4.5 
6 

80 
16 
14 

20 

100 

20 
17 

25 

120 
24 
20 

30 

ns 

Set-up  Time 

DSL,  DSR  to  Clock 
Fig.  6 

tsu 

2 

4.5 
6 

70 
14 
12 

14 

90 
18 
15 

18 

105 

21 

18 

21 

ns 

Hold  Time 
Si,  SO  to  Clock 
Fig.  6 

t* 

2 
4.5 
6 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

ns 

Hold  Time 
Data  to  Clock 

Fig.  5 

tH 

2 
4.5 
6 

0 
0 
0 

0 

0 
0 
0 

0 

0 

0 
0 

0 

ns 

■ 


283 


SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  l„  t,  =  6  ns) 


TEST 

LIMITS 

CONDITION 

25°  C 

-40°Cto  +  85°C 

-55°Cto  +  125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Pmnanatinn  Dplav 

-j— 

2 

175 

— 

220 

— 

265 

— 

Plnrk  tn  Oiitnnt 

tpHL 

4  5 

35 

37 

44 

46 

53 

56 

ns 

Fin  1 

6 

30 

— 

37 

— 

45 

— 

Output  Transition 

tTLH 

2 

75 

— 

95 

— 

110 

— 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Fin  ? 
riy.  o 

g 

13 

16 

19 

Prnnanatinn  Dplav 

— 

2 

140 

175 

210 

MR  to  Output 

4.5 

28 

40 

35 

50 

42 

60 

ns 

Fig.  4 

6 

24 

30 

36 

Input  Capacitance 

Ci 

10 

10 

10 

10 

10 

10 

-/-vs 

 io% 


TLH 
92CS- 38486 


S4/74HC 

54/74HCT 

INPUT  LEVEL 

3V 

SWITCHING  VOLTAGE.  Vs 

50%VCC 

1.3  V 

Fig.  3  -  Clock  pre-requisite  times  and  propagation  and  output 
transition  times. 


'rem 

7 

*PHL 

5 

r 

INPUT  LEVEL 


INPUT  LEVEL 
-  G NO 


92CS-37I27 


54/74HC 

54/74HCT 

INPUT  LEVEL 

VCC 

3  V 

SWITCHING  VOLTAGE,  Vs 

50%  VCC 

1.3  V 

Fig.  4  -  Master  reset  pre-requisite  times  and  propagation  delays. 


— SI 


INPUT  LEVE  L 
GND 

■-    INPUT  LEVEL 
GND 


9ZCS-37I29RI 


54/74HC 

54/74HCT 

S4/74HC 

54/74HCT 

INPUT  LEVEL 

»CC 

3V 

INPUT  LEVEL 

"CC 

3V 

SWITCHING  VOLTAGE,  V8 

50%  Vcc 

1.3  V 

SWITCHING  VOLTAGE,  Vs 

50%VCC 

1.3  V 

Fig.  5  -  Data  pre-requisite  times. 


Fig.  6  Parallel  load  or  shift-left/shift-right  pre-requisite  times. 


High-Speed  CMOS  Logic 
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FUNCTIONAL  DIAGRAM 


4-Bit  Parallel  Access  Register 


Type  Features: 

■  Asynchronous  Master  Reset 

■  J,1T,  (D)  inputs  to  first  stage 

■  Fully  synchronous  serial  or  parallel  data  transfer 
m  Shift  right  and  parallel  load  capability 

■  Complementary  output  from  last  stage 

■  Buffered  inputs 

■  Typical  fMAx=50  MHz  @  VCc=5  V,  Cl=15  pF,  TA=25° 


The  functional  characteristics  of  the  RCA-CD54/74HC195 
and  CD54/74HCT195  4-Bit  Parallel  Access  Register  are 
indicated  in  the  Logic  Diagram  and  Function  Table.  The 
device  is  useful  in  a  wide  variety  of  shifting,  counting  and 
storage  applications.  It  performs  serial,  parallel,  serial-to- 
parallel,  or  parallel-to-serial  data  transfers  at  very  high 
speeds. 

The  two  modes  of  operation,  shift  right  (Q0-Q1)  and 
parallel  load,  are  controlled  by  the  state  of  the  Parallel 
Enable  (PE)  input.  Serial  data  enters  the  first  flip-flop  (QO) 
via  the  J  and  K  inputs  when  the  PE  input  is  high,  and  is 
shifted  one  bit  in  the  direction  Q0-Q1-Q2-Q3  following 
each  LOW-to-HIGH  clock  transition.  The  J  and  K  inputs 
provide  the  flexibility  of  the  JK-type  input  for  special 
applications  and,  by  tying  the  two  pins  together,  the  sim- 
ple D-type  input  for  general  applications.  The  device 
appears  as  four  common-clocked  D  flip-flops  when  the 
PE  input  is  LOW.  After  the  LOW-to-HIGH  clock  transition, 
data  on  the  parallel  inputs  (D0-D3)  is  transferred  to  the 
respective  O0-Q3  outputs.  Shift  left  operation  (Q3-Q2) 
can  be  achieved  by  tying  the  Qn  outputs  to  the  Dn-1 
inputs  and  holding  the  PE  input  low. 

All  parallel  and  serial  data  transfers  are  synchronous, 
occurring  after  each  LOW-to-HIGH  clock  transition.  The 
HC/HCT195  series  utilizes  edge-triggering;  therefore,  there 
is  no  restriction  on  the  activity  of  the  J,  K,  Pn  and  PE 
inputs  for  logic  operations,  other  than  the  set-up  and  hold 
time  requirements.  A  LOW  on  the  asynchronous  Master 
Reset  (MR)  input  sets  all  Q  outputs  LOW,  independent  of 
any  other  input  condition. 

The  CD54HC195  and  CD54HCT195  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC195  and  CD74HCT195  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  package  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 
a  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICS 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:  N,L=30%,  Nm=30%  of  Vcc 
@  VCc=5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL=0.8  V  Max.,  ViH=2  V  Min. 
CMOS  Input  Compatibility 

l,<1liA@  Vol,  Voh 


MR  — 

HvCC 

-^00 

K  -— - 

&J>1 

DO^. 

—  Q2 

D2-S- 

iia 

D3^ 

GND  — 

92CS  36827 

TERMINAL  ASSIGNMENT 


Technical  Data 


CD54/74HC195 
CD54/74HCT195 


PE    J         K  DO 


CP  CH>^3»-l-[>^j-  CL_ 

"«o-[> — [>- 


Function  Table 


00  Ql 

Fig.  1  -  Logic  diagram. 


92CM-  370I2BI 


INPUTS 

OUTPUTS 

Operating  Modes 

CP 

PE 

J 

Dn 

QO 

01 

02 

Q3 

Q"3 

Asynchronous  Reset 

L 

X 

X 

X 

X 

X 

L 

L 

L 

L 

H 

Shift,  Set  first  stage 

H 

h 

h 

h 

X 

H 

qo 

qi 

q? 

^2 

Shift,  Reset  first  stage 

H 

h 

I 

I 

X 

L 

qo 

q< 

qz 

q2 

Shift,  Toggle  first  stage 

H 

h 

h 

I 

X 

"qo 

qo 

qi 

qz 

q2 

Shift,  Retain  first  stage 

H 

h 

I 

h 

X 

qo 

qo 

qi 

q2 

q2 

Parallel  Load 

H 

I 

X 

X 

d„ 

do 

d, 

d2 

da 

3i 

H=HIGH  voltage  level. 
L=LOW  voltage  level 
X=Don't  care. 

I=L0W  voltage  level  one  set-up  time  prior  to  the  LOW-to-HIGH  clock  transition. 
h=HIGH  voltage  level  one  set-up  time  prior  to  the  LOW-to-HIGH  clock  transition. 
d„  (q„)=Lower  case  letters  indicate  the  state  of  the  referenced  input  (or  output)  one  set-up  time  prior 
_to  the  LOW-to-HIGH  clock  transition. 
J  =  LOW-to-HIGH  clock  transition. 
MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   

DC  INPUT  DIODE  CURRENT.  I,k  (FOR  V,  <  -0.5  V  OR  V,  >  VCc  +0.5V)   

DC  OUTPUT  DIODE  CURRENT,  lOK  (FOR  V„  <  -0.5  V  OR  V„  >  VCc  +0.5V)   

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)   

DC  Vcc  OR  GROUND  CURRENT  (Ice)   

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T„  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   

For  T,  =  +60  to  +85°  C  (PACKAGE  TYPE  E)   

For  T,  =  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)   

For  T.  =  +100  to  +  125°C  (PACKAGE  TYPE  F.  H)   

For  TA  =  -40  to  +70°C  (PACKAGE  TYPE  M)   

ForT,  =  +70  to  +125°C  (PACKAGE  TYPE  M)  

OPERATING-TEMPERATURE  RANGE  (TA): 

PACKAGE  TYPE  F.  H   

PACKAGE  TYPE  E.  M   

STORAGE  TEMPERATURE  (T„9)   

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only   


 -0.5  to  t  7  V 

  ±20mA 

  ±20mA 

  ±25mA 

  ±50mA 


  500  mW 

Derate  Linearly  at  8  mW/'C  to  300  mW 

  500  mW 

Derate  Linearly  al  8  mW/°C  to  300  mW 

  400  mW 

Derate  Linearly  at  6  mW/°C  to  70  mW 


-55  to  +125°C 
.  -40  to +85°  C 
-65  to  +150°C 


♦265° C 
+300° C 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC195/CD54HC195 

CD74HCT195/CD54HCT195 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 

mA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦  12S°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+S5°C 

-55/ 
♦125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Min 

Max 

Mln 

Max 

High-Level 

Input  Voltage  Vp„ 

2 

1 .5 

1 .5 

#1  5 

— 

4.5 
lo 

5.5 

2 

2 

2 

\j 

4.5 

3  15 

3  15 

3  15 

6 

4  2 

4.2 

4.2 

Low-Level 

iiipui  vuiLdyc  Vii 

2 

0.5 

0.5 

0.5 

45 

lo 
5.5 

08 

0.8 

0  8 

4.5 

1.35 

1 .35 

1.35 

6 

18 

1.8 

1.8 

High-Level 
kjv i pu i  vondye     v  :, , 
CMOS  Loads 

V. 

or 

V,„ 

-0  02 

2 

1  9 

1  9 

1  9 

v„ 

or 

4.5 

4  4 

4  4 

4  4 

45 

4.4 

4.4 

4.4 

6 

59 

- 

59 

- 

5.9 

TTI    1  na/lc 
I  1  L.  LUdUS 

V.i 
or 

V,„ 

v„ 

or 

v,„ 

45 

3  98 

3  84 

3.7 

-4 

45 

3  98 

3  84 

3  7 

-5.2 

6 

5  48 

5.34 

5.2 

Low- Level 

CMOS  Loads 

V, 
or 
V,„ 

0  02 

2 

0  1 

0  1 

0  1 

v„ 

or 
v„. 

4  5 

0  l 

0  1 

0  1 

45 

01 

0  1 

0  1 

6 

0.1 

0  1 

0  1 

TTI    1  r-iart<: 

V. 
or 
V„ 

v» 

or 

V„ 

4  5 

0  26 

033 

04 

4 

45 

026 

0.33 

04 

52 

6 

026 

0.33 

04 

Input  Leakage 
Current  1, 

Vcc 
or 

Gnd 

6 

;0  1 

±1 

II 

Any 
Voltage 
Between 
Vcc 
S  Gnd 

55 

;0  1 

+  1 

Quiescent 
Device 

Current  lc.c 

v„ 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

uA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load       A  lCc* 

Vcc-2  1 

4.5 
to 

5.5 

100 

360 

450 

490 

•For  dual-supply  systems  theoretical  worst  case  (V,  *  2.4  V,  VCc  -  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

D0-D3 

0.3 

PE 

-0.65 

MR 

0.3 

CP 

0.3 

J.  K 

0.3 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart, 
e.g.,  360 //A  max.  @  25°C. 
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RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta=FuII  Package  Temperature  Range) 

VCC:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vin,  V„u, 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

"C 

Input  Rise  and  Fall  Times  t„tf 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°  C,  Input  tr,  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

cL 

Typical 

Units 

PF 

HC 

HCT 

CP  to  Qn  Propagation  Delay 

*PHL 
PLH 

15 

14 

14 

ns 

MR  to  Qn 

*-PHL 

15 

13 

14 

ns 

Maximum  Clock  Frequency 

tlUtAX 

15 

50 

50 

MHz 

Power  Dissipation  Capacitance* 

45 

50 

PF 

'Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  register. 
PD  =  Cpo  Vcc2  fi  +  I  Cl  Vcc*  to  where 
fi  =  input  frequency 
fo  =  output  frequency 
Cl  =  output  load  capacitance 
Vcc  =  supply  voltage. 
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Pre-requislte  lor  Switching  Function 


CHARACTERISTIC 

25°  C 

-40°Cto  +85°  C 

-55°  C  lo+1 25°  C 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

■Jin 

Mln. 

■low 

MBA. 

Mln. 

Max 

Min 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Clock  Frequency 

—  

2 

e 
0 

5 

4 

(Figure  3) 

4.5 

OU 

£.0 

25 

20 

20 

16 

ns 

6 

oo 

90. 

23 

MR  Pulse  Width 

tw 

2 

P  uu 

1 20 

(Figure  3) 

4.5 

I  D 

20 

20 

25 

24 

30 

ns 

6 

14 

■|7 

20 

Clock  Pulse  Width 

tw 

2 

OU 

100 

120 

(Figure  3) 

4.5 

1  fi 
I  o 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

Set-up  Time 

tsu 

2 

I  uu 

1  91 

150 

J,~K,  PE  to  Clock 

4.5 

20 

20 

25 

25 

30 

30 

ns 

(Figure  5) 

6 

17 

21 

26 

Hold  Time 

th 

2 

3 

3 

3 

J,"K,  PEto  Clock 

4.5 

3 

3 

3 

3 

3 

3 

ns 

(Figure  5) 

6 

3 

3 

3 

Removal  Time 

tREM 

2 

80 

100 

120 

MR  to  Clock 

4.5 

16 

16 

20 

20 

24 

24 

ns 

(Figure  3) 

6 

14 

17 

20 

■ 


SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  U,=6  ns) 


25 

'C 

-40°Cto+85°C 

-55°  C  to  +125 

°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tPLH 

2 

175 

220 

265 

CP  to  Output 

tpHL 

4.5 

35 

35 

44 

44 

53 

53 

ns 

(Figure  3) 

6 

30 

37 

45 

Propagation  Delay 

tpHL 

2 

150 

190 

225 

MR  to  Output 

tPLH 

4.5 

30 

35 

38 

44 

45 

53 

ns 

(Figure  3) 

6 

26 

33 

38 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 
6 

15 
13 

15 

19 
16 

19 

22 
19 

22 

ns 

Input  Capacitance 

C 

10 

10 

10 

10 

10 

10 

PF 
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Technical  Data   

CD54/74HC195 
CD54/74HCT195 


92CS-37009 

92CS-3  70IO 

Fig.  3  -  Clock  pre-requisite  and  propagation  delays  Fig.  4  -  Master  Reset  pre-requisite  and  propagation  delays, 

and  output  transition  times. 


CLOCK 


-  INPUT  LEVEL 
-GND 


F*  M 

'  >  G 


-GND 

9ZCS-370II 

Fig.  5  -  J,  K  or  Parallel  Enable  pre-requisite  times. 


HC 

HCT 

INPUT  LEVEL 

3V 

vs 

50% 

1.3V 
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Technical  Data 


File  Number  1670 

Advance  Information/ 
Preliminary  Data 


CD54/74HC221 
CD54/74HCT221 


High-Speed  CMOS  Logic 


I  |2C»fl» 


2C<  2Rx 

MCS-1852&RI 

FUNCTIONAL  DIAGRAM 


Dual  Monostable  Multivibrator 
with  Reset 

Type  Features: 

■  Overriding  RESET  Terminates  Output  Pulse 
m  Triggering  From  the  Leading  or  Trailing  Edge 

■  0  and  0  Buffered  Outputs 

■  Separate  Resets 

m  Wide  Range  of  Output-Pulse  Widths 

■  Schmitt  Trigger  on  B  inputs 


The  RCA-CD54/74HC221  and  CD54/74HCT221  are  dual 
monostable  multivibrators  with  reset.  An  external  resistor 
(R,)  and  an  external  capacitor  (C)  control  the  timing  and 
the  accuracy  for  the  circuit.  Adjustment  of  R«  and  C, 
provjdes  a  wide  range  of  output  pulse  widths  from  the  Q 
and  Q  terminals.  Pulse  triggering  on  the  B  input  occurs  at  a 
particular  voltage  level  and  is  not  related  to  the  rise  and  fall 
time  of  the  trigger  pulse. 

Once  triggered,  the_  outputs  are  independent  of  further 
trigger  inputs  on  A  and  B.  The  output_  pulse  can  be 
terminated  by  a  LOW  level  on  the  Reset  (R)  pin.  Trailing- 
edge  triggering  (A)  and  leading-edge-triggering  (B)  inputs 
are  provided  for  triggering  from  either  edge  of  the  input 
pulse.  On  power  up,  the  IC  is  reset.  If  either  Mono  is  not 
used  each  input  (on  the  unused  device)  must  be  terminated 
either  high  or  low. 

The  minimum  value  of  external  resistance,  R,,  is  typically 
500fi.  The  minimum  value  of  external  capacitance,  C„  is  0 
pF.  The  calculation  for  the  pulse  width  is  t„  =  0.7  R„C,  at 

Vcc  =  4.5  V. 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 
m  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

N,L  =  30%,  WIH  =  30%  of  Vcc:  @Vcc  =  5V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  Max.,  VIH  =  2V  Min. 
CMOS  Input  Compatibility 

/,  <  7  pA@  Vol,  Voh 


The  CD54HC/HCT221  are  supplied  in  16-lead  ceramic 
dual-in-line  packages  (F  suffix).  The  CD74HC/HCT221  are 
supplied  in  16-lead  dual-in-line  plastic  packages  (E  suffix) 
and  in  16-lead  dual-in-line  surface  mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form  (H 
suffix). 


1Q  - 
20  — 

2CXHx  — 
GND 


TERMINAL  ASSIGNMENT 
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vcc 


OP  AMP 

MCL-38525B3 


Fig.  1  —  Logic  diagram 


TRUTH  TABLE 

INPUTS 

OUTPUTS 

KB* 

Q  5 

H              X  H 
X               L  H 
L             _T  H 
~~ L_              H  H 
XXL 
L               H  _T" 

L  H 
L  H 

jt  T_r 
n  u 

L  H 

n*  T_r* 

—  _ — 

H  =  High  Level 
L  =  Low  Level 
_/~  =  Transition  from  Low  to  High 
~\_=  Transition  from  High  to  Low 
J"T=  One  High  Level  Pulse 
\S=  One  Low  Level  Pulse 
X  =  Irrelevant 

•For  this  combination  the  reset  input  must  be  low  and  the  following 
sequence  must  be  used:  pin  1  (or  9)  must  be  set  high  or  pin  2  (or 
10)  set  low;  then  pin  1  (or  9)  must  be  low  and  pin  2  (or  10)  set  high. 
Now  the  reset  input  goes  from  low-to-high  and  the  device  will  be 
triggered. 


292 


Technical  Data 


CD54/74HC221 
CD54/74HCT221 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC221/CDS4HC221 

CD74HCT221/CDS4HCT221 

cor 

TEST 
IDITIONS 

74HC/S4HC 
TYPES 

7«HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

CHARACTERISTIC 

UNITS 

v, 

V 

■c 
mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
♦125° C 

Vi 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-85/ 
♦125°C 

Min 

Typ 

Mix 

Mln 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Mln 

Max 

High-Level 

2 

1.5 

- 

_ 

1.5 

- 

1.5 

- 

4.5 

Input  Voltage  VIH 

4  5 

3  15 

- 

_ 

3.15 

- 

3.15 

- 

_ 

to 

2 

- 

- 

2 

- 

2 

- 

V 

6 

4.2 

- 



4.2 

- 

4.2 

- 

55 

Low-Level 

2 

- 

- 

0.5 

- 

05 

- 

0.5 

4.5 

Input  Voltage  VIL 

4.5 

1.35 

1.35 

1.35 

_ 

to 

0.8 

0.8 

0.8 

V 

6 

- 

1.8 

1.8 

1.8 

5.5 

High-Level 

2 

1.9 

_ 

1.9 

1.9 

Vn. 

Output  Voltage  vOM 

-0.02 

4.5 

4.4 

- 

— 

4.4 

- 

44 

- 

or 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

CMOS  Loads 

v„ 

6 

59 

- 

59 

- 

5.9 

- 

v« 

v(L 

v,t 

TTL  Loads 

or 

-4 

4.5 

3.98 

_ 

3.84 

3.7 

or 

4.5 

3.98 

3.84 

3.7 

V 

Vim 

-5  2 

6 

548 

_ 

534 

52 

v„ 

Low-Level 

2 

0.1 

0.1 

0.1 

v,t 

Output  Voltage  vol 

or 

0.02 

4.5 

0  1 

0  1 

0.1 

or 

4.5 

0.1 

0.1 

0.1 

V 

CMOS  Loads 

vw 

6 

0.1 

0  1 

0.1 

V,„ 

v„ 

TTL  Loads 

or 

4 

4.5 

026 

033 

0.4 

or 

4.5 

026 

0.33 

0.4 

V 

V*, 

5.2 

6 

026 

0.33 

0.4 

V,„ 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

il 

±1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

•0.1 

♦1 

±1 

tgt 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

<*A 

Current  lCc 

Grid 

Gnd 

Additional 

Quiescent 

Oevice  Current 

per  input  pin: 

1  unit  load  Alec" 

Vcc-2  1 

4.5 

to 

5.5 

100 

360 

450 

490 

//A 

■ 


•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  ■  5.5  V)  specification  is  1  8  mA 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All  Inputs 

0.3 

•Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  /iA  max.  @  25°  C. 
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Technical  Data 


CD54/74HC221 
CD54/74HCT221 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 

DC  SUPPLY-VOLTAGE,  (Vcc). 

(Voltages  referenced  to  ground)   

DC  INPUT  DIODE  CURRENT,  fa  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   

DC  OUTPUT  DIODE  CURRENT,  l«  (FOR  V„  <  -0.5  V  OR  Vo  >  Vcc  +0.5V)   

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)   

DC  Vcc  OR  GROUND  CURRENT  (Ice)  

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  T»  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  

For  T»  =  +60  to  +85°  C  (PACKAGE  TYPE  E)   

For  T,  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   

ForT.  =  +100  to  +125°  C  (PACKAGE  TYPE  F,  H)  

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)   

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H   

PACKAGE  TYPE  E,  M  

STORAGE  TEMPERATURE  (T.«)   

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


-0.5  to  +  7  V 
....  ±20mA 
....  ±20mA 
....  ±25mA 
....  ±50mA 


  500  mW 

. .  Derate  Linearly  at  8  mW/°  C  to  300  mW 

  500  mW 

..  Derate  Linearly  at  8  mW/°C  to  300  mW 

  400  mW 

Derate  Linearly  at  6  mW/°C  to  70  mW 


-55  to+l25°C 
-40  to  +85° C 
-65  to +1 50°  C 


+265°  C 
+300° C 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  VQ 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times  t„  ti 

on  lnputs~A"and~R~ 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

Input  Rise  and  Fall  Times  t„  t, 

on  Input  B 

at2V 

0 

Unlimited 

ns 

at  4.5  V 

0 

Unlimited 

ns 

at6V 

0 

Unlimited 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°  C,  Input  t„  t,  =  6  ns) 

CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

(PF) 

54/74HC 

54/74HCT 

Propagation  Delay 

A,  B,  R  to  Q  tpLM 

15 

18 

18 

ns 

A,  B.WtoQ  tpHL 

15 

14 

14 

ns 

Power  Dissipation  Capacitance*  Cpo 

166 

166 

PF 

'Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  multivibrator. 
Pd  =(Cpd+C,)  Vcc2  f.  +  I  (CL  Vcc2  to)  where:      f,  =  input  frequency. 

fo  =  output  frequency. 


Cl  =  output  load  capacitance 


Vcc  =  supply  voltage 
assuming  f,  <<  J- 
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 Technical  Data 

CD54/74HC221 
CD54/74HCT221 

PREREQUISITE  FOR  SWITCHING  FUNCTION 


25°  C 

-40°CtO+85°C 

-55°  C  to  +125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mill. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Input  Pulse  Width 
A 

twL 

2 

4.5 
6 

70 
14 

12 

14 

90 
18 
15 

- 

18 

- 

105 

21 

18 

- 

21 

- 

ns 

B  twH 

2 

4.5 
6 

70 
14 
12 

14 

90 

105 

— 

ns 

Reset 

twL 

2 
6 

70 
14 

12 

18 

90 
18 
15 

_ 

_ 
23 

_ 

105 

21 

18 

_ 

27 

ns 

Recovery  Time 
R  to  A  or  B 

tREC 

2 

4.5 
6 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

ns 

Output  Pulse  Width 
Q  orQ 

C,  =  0.1  f/F  R„  =  10k  O 

5 

630 

770 

630 

770 

602 

798 

602 

798 

595 

805 

595 

805 

flS 

Output  Pulse 
Width  Q  or  Q 
C,  =  28  pF,  R„  =  2K  n 

t. 

4.5 

Typical 
140 

Typical 
140 

ns 

a  =  1000  pF,  r„  =  2K  n 

tw 

4.5 

1.5 

1.5 

/is 

C„  =  1000pF,  R,  =  10KO 

t« 

4.5 

7 

7 

fJS 

SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°  C  to +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

VCc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

210 

265 

315 

Trigger 

4.5 

42 

42 

53 

53 

63 

63 

ns 

A,  B,  R  to  Q 

6 

36 

45 

54 

2 

170 

215 

255 

A,  B,  R  to  Q 

tpHL 

4.5 

34 

34 

43 

43 

51 

51 

ns 

6 

29 

37 

43 

Propagation  Delay 

2 

160 

200 

240 

RtoQ 

tpLH 

4.5 

32 

38 

40 

48 

48 

57 

ns 

6 

27 

34 

41 

2 

180 

225 

270 

R  to  Q 

tpHL 

4.5 

36 

37 

45 

46 

54 

56 

ns 

6 

31 

38 

46 

Output 

2 

75 

95 

110 

Transition  Time 

tTLH 

4.5 

15 

15 

19 

19 

22 

22 

ns 

tTHL 

6 

13 

16 

19 

Input  Capacitance 

cin 

10 

10 

10 

10 

10 

10 

pF 

Pulse  Width  match 

4.5 
to 

5.5 

between  circuits  in 

Typical 

Typical 

% 

the  same  package 
C,=1000pF,R,=10Kfi 

±2 

±2 
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CD54/74HC221 
CD54/74HCT221 


INPUT  LEVEL  - 
R 


B  INPUT  ■ 
A  INPUT- 


I— 'w—       h—  »REC 


92CS-3S555 


Fig.  2  —  Recovery  times,  R  to  A  or  B. 


54/74HC 

54/74HCT 

Input  Level 

vcc 

3V 

Switching  Voltage, \ 

'S 

50%  VCC 

1.3  V 

A 

INPUT 


B 

INPUT 
GND  ■ 


 VS  <w  =  0.7Rx  Cx 


h—  <THL 


'PHL— -J 
*PLH— H 


— H    (—  *TLH 
 ±=90% 

f  vs 


3F 

—I  U^«TLH 


-  *THL 


92CS-38  556 


Fig.  3  —  Triggering  of  One  Shot  by  input  A  or  input  B  for 
a  period  t*. 


50       75       I00      I25      1 50 
AMBIENT  TEMPERATURE  (TA)  — *C 

92CS- 40539 

Fig.  4  —  HC/HCT221,  Output  Pulse  Width  vs.  Temperature. 


SUPPLY  VOLTAGE  (VCC)  — V 


92CS -40510 


Fig.  5  —  HC/HCT221  K  Factor  vs.  Supply  Voltage. 
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TIMING  CAPACITANCE  (C,)  — pF 


Fig.  7  -  HC/HCT221  Output  Pulse  Width  vs.  Cx. 


Technical  Data 


CD54/74HC221 
CD54/74HCT221 
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Technical  Data 


CD54/74HC240/241/244 


File  Number  1656 


High-Speed  CMOS  Logic 


241  a  244  240 


1A0 
1A1 
1A2 
1A3 
2A0 
2A1 
2A2 
2A3 

240  8  244  241 

Toe  Toe 

20E  20E 


19 


1Y0  1Y0 
1Y1  1Y1 
1Y2  TY2 
1Y3  Ty5 
2Y0  2Y0 
2Y1  2Y1 
2Y2  2Y2 
2Y3  2Y3 


Vcc  -  20 
GND  =  10 


92CS-38495 

FUNCTIONAL  DIAGRAM  AND 
TERMINAL  ASSIGNMENT 


Octal  Buffer/Line  Drivers,  3-State 

CD54/74HC/HCT240  Inverting 
CD54/74HC/HCT241  Non-Inverting 
CD54/74HC/HCT244  Non-Inverting 
Type  Features: 

■  Typical  propagation  delay  =  8  ns 

@  Vcc=5  V,  Cl=75  pF,  TA=25°  C  for  HC240 

■  3-State  outputs 
*  Buffered  inputs 

■  High-current  bus  driver  outputs 


The  RCA-CD54/74HC240  and  CD54/74HCT240  are  inverting 
3-state  buffers  having  two  active-low  output  enables.  The  RCA 
CD54/74HC/HCT241  and  CD54/74HC/HCT244  are  non- 
inverting  3-state  buffers  that  differ  only  in  that  the  241  has  one 
active-high  and  one  active-low  output  enable,  and  the  244  has 
two  active-low  output  enables.  All  three  types  have  identical 
pinouts. 

The  CD54HC240/241/244  and  CD54HCT240/241/244  are 
supplied  in  20-lead  ceramic  dual-in-line  packages  (F  suf- 
fix). The  CD74HC240/241/244  and  CD74HCT240/241/244 
are  supplied  in  20-lead  dual-in-line  plastic  packages  (E 
suffix)  and  in  20-lead  dual-in-line  surface  mount  plastic 
packages  (M  suffix).  The  CD54/74HC/HCT240/241/244  are 
also  supplied. in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  ( Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL  Logic  ICs 
m  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

W|L=30%,N,h=30%  of  Vcc:  @  VCC=5  V 

■  CD  54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL=0.8  V  Mas..  Vm=2  V  Min. 
CMOS  Input  Compatibility 

U  <  1  nA  <3>  Vol.  Voh 


1YO        1Y1         1Y2  1Y3 


2YO        2Y1         275  2Y3 


92CS-38496RI 


TRUTH  TABLE 


INPUTS 

OUTPUT 

10E.20E 

A 

L 

L 

H 

L 

H 

L 

H 

X 

Z 

(HC/HCT240) 


Fig.  1  -  CD54/74HC/HCT240  logic  diagram. 
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CD54/74HC240/241/244 
CD54/74HCT240/241/244 


1Y0        1Y1         1Y2        1Y3  2Y0        2Y1        2Y2  2Y3 


Fig.  2  -  CD54/74HC/HCT241  logic  diagram. 


TRUTH  TABLE 


INPI 

JTS 

OUTPUT 

INPUTS 

OUTPUT 

10E 

1A 

1Y 

20E 

2A 

2Y 

L 

L 

L 

L 

X 

Z 

L 

H 

H 

H 

L 

L 

H 

X 

Z 

H 

H 

H 

H=HIGH  Voltage  Level 
L=LOW  Voltage  Level 
X=lmmaterial 
Z=HIGH  Impedance 


(HCT/HCT241) 


I 


1Y0        1Y1         1Y2        1Y3  2YO        2Y1        2Y2  2Y3 

Q18       Q16      Q14      Q12  Q9  05  Q3 


N     [PAN     [PAN  Mil 


92CS-38498RI 


Fig.  3  -  CDS4/74HC/HCT244  logic  diagram. 


TRUTH  TABLE 


INPUTS 

OUTPUT 

10E.  20E 

A 

Y 

L 

L 

L 

L 

H 

H 

H 

X 

Z 

(HC/HCT244) 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  

DC  INPUT  DIODE  CURRENT,  l«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  

DC  OUTPUT  DIODE  CURRENT,  U  (FOR  V„  <  -0.5  V  OR  V0  >  Vcc  +0  5  V)   

DC  DRAIN  CURRENT.  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)   

DC  Vcc  OR  GROUND  CURRENT.  (Ice)  

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   

For  T„  =  +60  to  +85°  C  (PACKAGE  TYPE  E)   

For  Ta  =  -55  to  + 1 00°  C  (PACKAGE  TYPE  F,  H)   

ForT»  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  

For  T«  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   

For  Ta  =  +70  to  +  125°C  (PACKAGE  TYPE  M)  

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F.  H   

PACKAGE  TYPE  E,  M  

STORAGE  TEMPERATURE  (T„g)   

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only  

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that 


... 


.  -0  5  to  +7  V 
. . . .  ±20  mA 
....  ±20  mA 
. . . .  ±35  mA 
. . . .  ±70  mA 


  500  mW 

Derate  Linearly  at  8  mW/°C  to  300  mW 

  500  mW 

Derate  Linearly  at  8  mW/'C  to  300  mW 

 400  mW 

.  Derate  Linearly  at  6  mW/°C  to  70  mW 


-55  to +1 25°  C 
.  -40  to  +85°  C 
-65  to+150°C 


+265° C 
+300°  C 


is  always  within  the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA=Full  Package-Temperature  Range)  VCc:' 

CD54/74HC  Types 

2 

6 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„  t. 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC240/241/244,  CD54HC240/241/244 

CD74HCT240/241/244,  CO54HCT240/241/244 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 
mA 

Vcc 
V 

+25°  C 

-40/ 
♦85°  C 

-55/ 
*125°C 

V, 
V 

Vcc 
V 

*25°C 

-40/ 
♦85°  C 

-55/ 
*125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Man 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

High-Level 

Input  Voltage  V,H 

2 

1.5 

1.5 

1.5 

45 

to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

3  15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  V!L 

2 

0.5 

0.5 

0.5 

4.5 
to 

5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Vqh 
CMOS  Loads 

V.L 

or 

V,H 

-0.02 

2 

1.9 

1.9 

1.9 

V,L 

or 
V,h 

4.5 

4.4 

4  4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

TTL  Loads 
(Bus  Driver} 

V.L 

or 
VIH 

V|L 

or 

V,H 

4.5 

3.98 

3.84 

3.7 

V 

-6 

4.5 

3.98 

3  84 

3.7 

-7.8 

6 

548 

- 

5.34 

52 

Low-Level 

Output  Voltage  VOL 
CMOS  Loads 

Vw. 
or 

V|H 

0.02 

2 

0.1 

0.1 

0.1 

V,L 

or 

V,H 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 
(Bus  Driver) 

VIL 

or 

V|H 

V|L 

or 

VIH 

4.5 





0.26 



0.33 



0.4 

V 

6 

4.5 

- 

0  26 

0.33 

0.4 

7.8 

6 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
between 

Vcc 
& 

Gnd 

5.5 

±0.1 

±1 

±1 

Quiescent 
Device 

Current  lCc 

Vcc 
or 
Gnd 

0 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

»* 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec" 

Vcc-2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

^^ 

3-state 
leakage 

current  loz 

VIL 
or 

VcrVcc 
or 

Gnd 

6 

±0.5 

±5 

±10 

V,L 

or 
V,h 

5.5 

±0.5 

±5 

±10 

*For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 
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HCT  Input  Loading  Tables 


CD54/74HCT240 

Input 

Unit  Loads' 

nA0-A3 

1.6 

Tol 

0.7 

lot 

0.7 

CD54/74HCT241 

Input 

Unit  Loads* 

nA0-A3 

0.7 

Toe 

0.7 

20E 

1.5 

CD54/74HCT244 

Input 

Unit  Loads" 

nA0-A3 

0.7 

Toe 

0.7 

lOE 

0.7 

*Unit  Load  is  Alcc  limit  specified  in  Static  Characteristic  Chart,  e.g..  360  ftA  max.  @  25°C. 
SWITCHING  CHARACTERISTICS  (Vcc=5  V,  TA=25°C,  Input  tr,  t,=6  ns) 


Typical  Values 

CHARACTERISTIC 

SYMBOL 

CL 

240 

241 

244 

UNITS 

PF 

HC 

HCT 

HC 

HCT 

HC 

HCT 

Propagation  Delay 
Data  to  Output 

tpHL  tpLH 

15 

8 

9 

9 

10 

9 

10 

ns 

Output  Disable/Enable  to  Outputs 

tpZH.  tp2L.  tpHI,  tpLZ 

15 

12 

12 

12 

12 

12 

12 

ns 

Power  Dissipation  Capacitance 

CPD" 

38 

40 

34 

38 

46 

40 

pF 

Cpo  is  used  to  determine  the  dynamic  power  consumption  per  channel. 
PD=Vcc2fi  (Cpo  +  CO 

f,=input  frequency. 

CL  =  output  load  capacitance. 

Vcc  =  supply  voltage. 


SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  t„t,=6  ns) 


CHARACTERISTIC 


Vcc 


-40°  C  to  *B5°C 


-55°Cto»125°C 


Propagation  Delay. 
Data  to  Outputs 
HC/HCT  240 


tpLH 
tpHL 


2 

45 
6 


100 
20 
17 


125 
25 
21 


150 
30 
26 


Data  to  Outputs 
HC/HCT241 


tpLH 
tpHL 


2 

45 
6 


110 
22 
19 


140 
28 
24 


165 
33 
28 


Data  to  Outputs 
HC/HCT  244 


tPLH 
tpHL 


2 

4.5 
6 


110 
22 
19 


140 

28 
24 


165 

33 
28 


Output 
Enable  and 
Disable  Times 


tpZH 
tpZL 
tpHZ 
1PLZ 


2 

45 
6 


150 

30 
26 


190 
38 
33 


225 
45 
38 


Output 

Transition  Time 


tTLH 
*THL 


2 

45 


60 
12 
10 


Input 

Capacitance 


pF 
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92CS  -385I6 


54/74HC 

54/74HCT 

Input  Level 

VCC 

3V 

Switching  Voltage,  Vs 

50%  VCC 

1.3  V 

Fig.  2  -  Transition  times  and  propagation  delay  times. 


I 


OUTPUT  R(_ 

■  *?  ^["CC  FOR  tpLZ  AND  tpZL 
^^W^lGND  FOR  tpHZ  AND  tpZH 

Im  pF 


92CS-35I30R2 


Fig.  4  -  Three-state  propagation  delay  test  circuit. 
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r4HCT243 


File  Number  1488 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM 


6Tb 

OEA 


92CS-37B99 


CD54/74HC242,  HCT242 


Quad-Bus  Transceiver  with 
3-State  Outputs 

Type  Features: 

■  Typical  propagation  delay  (A— B)  of  7  ns  @  Vcc  =  5  V 

Cl=  15  pF,  7A  =  25°C 

■  3-state  outputs 

■  Buffered  inputs 


The  RCA-CD54/74HC242,  243  and  CD54/74HCT242,  243 
silicon-gate  CMOS  3-state  bidirectional  inverting  and 
non-inverting  buffers  are  intended  for  two-way 
asynchronous  communication  between  data  buses.  They 
have  high  drive  current  outputs  which  enable  high-speed 
operation  when  driving  large  bus  capacitances.  These 
circuits  possess  the  low  power  dissipation  of  CMOS 
circuits,  and  have  speeds  comparable  to  low  power 
Schottky  TTL  circuits.  They  can  drive  15  LSTTL  loads. 

The  CD54/74HC242  and  CD54/74HCT242  are  inverting 
buffers;  the  CD54/74HC243  and  CD54/74HCT243  are 
non-inverting  buffers. 

The  states  of  the  output  enables  (OEB,  OEA)  determine 
both  the  direction  of  flow  (A  to  B,  B  to  A),  and  the  3-state 
mode. 

The  CD54HC242,  243  and  CD54HCT242,  243  are  supplied 
in  14-lead  hermetic  dual-in-line  ceramic  packages  (F 
suffix).  The  CD74HC242,  243  and  CD74HCT242,  243  are 
supplied  in  14-lead  dual-in-line  plastic  packages  (E  suffix) 
and  in  14-lead  dual-in-line  surface  mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form  (H 
suffix). 


Family  Features: 

■  Fanout  [Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  N,L  =  30%,  Nm  =  30%  of  Vcc 
@Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

l/V  =  0.8  VMax.,  Vm  =  2VMin. 
CMOS  Input  Compatibility 

I,  <  1  uA  @  I/ol,  Voh 


FUNCTIONAL  DIAGRAM 


6T1 
OEA 


92CS-37B98 

CD54/74HC243,  HCT243 
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ONE   OF  FOUR  IDENTICAL  CIRCUITS 


H>H> 


C>~4> 


9§ 

CHE 


-T>H1- 


GND  O 
7  J 


1  JT"1 


H  OB" 

11(10,9,8) 


TO  OTHER  THREE 
CHANNELS 


*INVERTER  CIRCUITS  NOT  INCLUDED  IN  HC/HCT242 

Fig.  1  -  Logic  diagram  for  the  CD54/74HC/HCT242,  243. 


92CM-37897  R2 


TRUTH  TABLE 


HC,  HCT242  Series 

HC,  HCT243  Series 

CONTROL 

DATA  PORT 

DATA  PORT 

INPUTS 

STATUS 

STATUS 

OEB 

OEA 

An 

B* 

An 

B„ 

H 

H 

7T 

I 

O 

I 

L 

H 

z 

Z 

z 

z 

H 

L 

z 

z 

z 

z 

L 

L 

I 

o" 

I 

o 

H  =  High 
L  =  Low 
I  ■  Input 

O  =  Output  (Same  Level  as  Input) 
D~=  Output  (Inversion  of  Input  Level) 
Z  =  High  Impedance 

To  prevent  excess  currents  in  the 
High  Z  modes  all  I/O  terminals 
should  be  terminated  with  10  kO 
to  1  Mfi  resistors. 
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CD54/74HC242,  CD54/74HCT242 
CD54/74HC243,  CD54/74HCT243 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vce): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT.  I,.  (FOR  V,  <  -0.5  V  OR  V,  >  VCc  +0.5  V)   ±20  mA 

DC  OUTPUT  DIODE  CURRENT.  I0«  (FOR  V0  <  -0.5  V  OR  V0  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V«  <  Vcc  +0.5  V)  ±35  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice):  ±70  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

ForT.  =  -40  to  +60°C  (PACKAGE  TYPE  E)  500  mW 

ForT,  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

ForT,  =  -55  to  +100°C  (PACKAGE  TYPE  F)  500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +1 25° C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H   -55  to  +125°  C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.«)  -65  to  +150°  C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1 .59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package  Temperature  Range)  Vcc:" 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature  Ta: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times,  t,,  t( 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC242/243/CD54HC242/243 

C074HCT242/243/C054HCT242/243 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

■o 

mA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
+125° C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

2 

1.5 

1.5 

1.5 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low- Level 

Input  Voltage  Vu_ 

2 

0.5 

0.5 

0.5 

45 
to 
5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  Voh 
CMOS  Loads 

v,t 

or 

v„  - 

-002 

2 

1.9 

19 

1.9 

v,L 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

or 
v„ 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

i  I L  Loaos 
(Bus  Driver) 

v,t 
or 
v,„ 

v,t 

or 

v,„ 

4.5 

398 

3.84 

3.7 

y 

-6 

4.5 

3.98 

3.84 

3.7 

-78 

6 

5.48 

5.34 

5.2 

Low-Level 

UUIfJUl  voiidyt  Vol 

CMOS  Loads 

Vii 
or 

v,„ 

0.02 

2 

0  1 

0.1 

0.1 

vlt 

4.5 

0.1 

0.1 

0  1 

V 

4.5 

0.1 

0.1 

0.1 

or 

6 

0  1 

0  1 

0.1 

v,„ 

TTI    1  narl« 
1  1  L  LUdUb 

(Bus  Driver) 

or 

V„ 

V,t 

4.5 

0.26 

033 

0.4 

u 

6 

4.5 

0.26 

033 

0.4 

or 

tl 

7.8 

6 

0.26 

033 

0.4 

Input  Leakage 
Current  li 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

♦1 

Any 
Voltage 
Between 

Vcc 
8  Gnd 

5.5 

±0.1 

+1 

±1 

Ouiescent 
Device 

Current  lcc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 

Gnd 

5.5 

8 

80 

160 

fA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  toad       A  Ice* 

Vcc-2  1 

45 
to 
5.5 

100 

360 

450 

490 

pA 

3-State 
Leakage 

Current  loz 

VlL 

or 

v,„ 

V.  =  v« 

or 

Gnd 

6 

±0.5 

♦50 

♦10 

V,L 
or 
v,„ 

55 

±0.5 

+5.0 

±10 

„A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1.8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads  * 

An,  Bn 
OEA,  OEB 

1.1 
0.6 

'Unit  Load  is  *ilCc  limit  specified  in  Static  Characteristic  Chart, 
e.g.,  360  }jA  max.  @  25°C. 


Technical  Data  

CD54/74HC242,  CD54/74HCT242 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°  C,  Input  1„  t,  =  6  ns) 




CHARACTERISTIC 

SYMBOL 

Typical 

UNITS 

Cl 
PF 

HC242 

HCT242 

HC243 

HCT243 

Propagation  Delay 

Data  to  Output 

tpHL 
tpLH 

15 

7 

8 

7 

Q 

ns 

Enable  to  High  Z 

tpHZ,  tpLZ 

15 

12 

14 

12 

14 

ns 

Enable  from  High-Z 

tpZH,  tpZL 

15 

12 

14 

12 

14 

ns 

Power  Dissipation  Capacitance* 

CpD 

85 

90 

80 

91 

pF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  channel. 
Pd  =  Vcc2  fi  (Cpd  +  Cl)  where: 
fi  =  input  frequency. 
CL  =  output  load  capacitance. 
Vcc  =  supply  voltage. 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°Cto  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tpLH 

2 

90 

115 

135 

Data  to  Outputs 

tpHL 

4.5 

18 

20 

23 

25 

27 

30 

ns 

HC/HCT242 

6 

15 

20 

23 

Propagation  Delay 

tpLH 

2 

90 

115 

135 

Data  to  Outputs 

tpHL 

4.5 

18 

22 

23 

28 

27 

33 

ns 

for  HC/HCT243 

6 

15 

20 

23 

Output  High-Z: 

tpZH 

2 

150 

190 

225 

to  High  Level; 

tpZL 

4.5 

30 

34 

38 

43 

45 

51 

ns 

to  Low  Level 

6 

26 

33 

38 

Output  High  Level; 

tpHZ 

2 

150 

190 

225 

Output  Low  Level 

tpLZ 

4.5 

30 

35 

38 

44 

45 

53 

ns 

to  High-Z 

6 

26 

33 

38 

Output  Transition 

txLH 

2 

60 

75 

90 

Time 

tTHL 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

pF 

Technical  Data 


CD54/74HC242,  CD54/74HCT242 
CD54/74HC243,  CD54/74HCT243 


OTHER 
IN  PUTS 
TIED  HIGH 
OR  LOW 

OUTPUT 
ENABLE 


IC  WITH 
3 -STATE 
OUTPUT 


OUTPUT  RL  =  lkfl  rVcc  FOR  I  puz  AND  tPZL 

T  VW— O  JgND  FOR  tPHZ  AND  1pZH 

-T-CL 
■±-  50PF 

92CS-37900RI 


Fig.  2  -  Three-state  propagation  delay  test  circuit. 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  V, 

50%  Vcc 

1.3  V 

Fig.  3  -  Transition  times  and  propagation  delay  times. 


OEB 

_1 

i±vcc 

NC 

3oEA 

AO 

—  NC 

A1 

J_ 

A3 

_6_ 

m» 

A3 

_6_ 

i-B2 

CND 

J_ 

-2-B3 

92CS-36829 

TERMINAL  ASSIGNMENT 


ORDERING  INFORMATION 

RCA  CMOS  device  packages  are  identified  by  letters  indi- 
cated in  the  following  chart.  When  ordering  a  CMOS 
device,  it  is  important  that  the  appropriate  suffix  letter  be 
affixed  to  the  type  number  of  the  device. 

Package  Suffix  Letter 

Dual-ln-Line  Plastic  E 

Dual-ln-Line  Frit-Seal  Ceramic  F 

Dual-ln-Line  Surface  Mount  Plastic  M 

Chip  H 

The  CD54HC/HCT  series  is  supplied  in  dual-in-line  frit-seal 
ceramic  packages  (F  suffix).  The  CD74HC/HCT  series  is 
supplied  in  dual-in-line  plastic  packages  (E  suffix)  and  in 
dual-in-line  surface  mount  plastic  packages  (M  suffix). 
Both  series  are  supplied  in  chip  form  (H  suffix). 

For  example,  a  CD54HC242  will  be  identified  as  the 
CD54HC242F.  The  CD74HC242  will  be  identified  as  the 
CD74HC242E. 
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High-Speed  CMOS  Logic 


A1- 
A2- 
A3- 


2 

17 

(  3 

^  4 

16 

 ►  *- 

15>  ) 

-»~«-6- 
4  7 

,  ,  8 

12 

,  ,  9 

11 

1  

l|  19 

-BO 
-B1 
-B2 
-B3 
-B4 
-B5 


Octal-Bus  Transceiver,  3-State, 
Non-Inverting 

Type  Features: 

■  Buffered  inputs 

■  3-State  outputs 

■  Bus  line  driving  capability 

m  Typical  propagation  delay  (A-*-+B) 
9ns@  Vcc  =  5V.  C  -  75  pF,  TA  =  25°  C 


92CS-38468 

FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC245  and  CD54/74HCT245  are  high- 
speed octal  3-state  bidirectional  transceivers  intended  for 
two-way  asynchronous  communication  between  data 
buses.  They  have  high  drive  current  outputs  which  enable 
high-speed  operation  while  driving  large  bus  capacitances. 
They  provide  the  low  power  consumption  of  standard 
CMOS  circuits  with  speeds  and  drive  capabilities  compar- 
able to  that  of  LSTTL  circuits. 

The  CD54/74HC245  and  CD54/74HCT245  allow  data  trans- 
mission from  the  A  bus  to  the  B  bus  or  from  the  B  bus  to 
the  A  bus.  The  logic  level  at  the  direction  input  (DIR) 
determines  the  direction.  The  output  enable  input  (OE), 
when  high,  puts  the  I/O  ports  in  the  high-impedance  state. 

The  HC/HCT245  is  similar  in  operation  to  the  HC/HCT640 
and  the  HC/HCT643. 

The  CD54HC245  and  CD54HCT245  are  supplied  in  20-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC245  and  CD74HCT245  are  supplied  in  20-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  20-lead 
dual-in-line  surface  mount  plastic  packages  (M  suffix).  Both 
devices  are  also  available  in  chip  (H  suffix)  form. 


(18.  17,  16,  15, 
14,  13.  12) 

11 

B  DATAO — 


dirO- 


OUTPUT 
ENABLE  1 


1 — <h<h 

N 

— t-t— 

_i 

I 

92CS 

Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

N,L  =  30%,  A/IH  =  30%  Of  Vcc:  @  Vcc  =  5  V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  Max.,  VtH  =  2V  Min. 
CMOS  Input  Compatibility 

/,  <  7  pA@  Vol,  Voh 


-OA  DATA 


TO  OTHER 
7  CIRCUITS 


TRUTH  TABLE 

CONTROL 
INPUTS 

OPERATION 

OE 

DIR 

L 

L 

B  DATA  TO  A  BUS 

L 

H 

A  DATA  TO  B  BUS 

H 

X 

ISOLATION 

LOGIC  DIAGRAM 


H  =  high  level,  L  =  low  level,  X  =  irrelevant 

To  prevent  excess  currents  in  the  High-Z  (Isola- 
tion) modes  all  I/O  terminals  should  be  ter- 
minated with  10Kfi  to  1Mfi  resistors. 
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.Technical  Data 


CD54/74HC245 
CD54/74HCT245 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  I,*  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT.  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)    ±35mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    +70mA 

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  T»  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  T*  =  +60  to  +85° C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T„  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

ForT»  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  T«=  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (TA): 

PACKAGE  TYPE  F,  H    -55  to +1 25°  C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T„,)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  +  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vet 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times  t„  t, 

at2V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground 


DIR  — 

^vcc 

A0-2- 

i^OE 

*,a 

IS  BO 

A2^- 

HB1 

A3-5- 

i«B2 

A4-° 

i^B3 

A5-L 

^B4 

A6-2- 

i^BS 

A7-t 

1^B6 

GND^ 

liB7 

9JCS  36830 


TERMINAL  ASSIGNMENT 
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Technical  Data . 


CD54/74HC245 
CD54/74HCT245 


CHARACTERISTIC 

CD74HC245/CD54HCT245 

CD74HC245/CD54HCT245 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

S4HCT 
TYPE 

V, 
V 

U 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
♦125°C 

Mln 

Typ 

Max 

Mln 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  V,„ 

2 

15 

- 

- 

1.5 

- 

1.5 

- 

4.5 
to 

55 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3  15 

- 

3.15 

6 

42 

- 

- 

4.2 

42 

- 

Low-Level 

Input  Voltage  Vt 

2 

- 

- 

0.5 

- 

0.5 

- 

0.5 

4.5 
to 
5.5 

0.8 

08 

08 

V 

4.5 

- 

- 

1.35 

- 

1.35 

- 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  Voh 
CMOS  Loads 

VIL 

or 
V„ 

-0.02 

2 

19 

- 

1.9 

1.9 

v(1 

or 

v,„ 

4.5 

4.4 

44 

4  4 

V 

4  5 

4.4 

4.4 

4  4 

6 

59 

5.9 

5.9 

TTL  Loads 
(Bus  Driver) 

v,0 

or 

v„ 

v,t 

or 

v„ 

45 

3.98 

384 

37 

V 

-6 

4.5 

398 

3.84 

37 

-7.8 

6 

5.48 

534 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

v, 

or 
v,„ 

0.02 

2 

0  1 

0.1 

0.1 

vlt 

or 

v,„ 

4  5 

0.1 

0.1 

0  1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0  1 

TTL  Loads 
(Bus  Driver) 

V« 
or 
V„ 

V«. 
or 

V|H 

4.5 

- 

- 

0.26 

- 

033 

- 

04 

V 

6 

4.5 

026 

0.33 

04 

78 

6 

026 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
&Gnd 

5.5 

±0.1 

±1 

±1 

t* 

Quiescent 
Device 

Current  lcc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

55 

8 

80 

160 

fA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 

Vcc-2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

//A 

3-State 

v„ 

V„  ■  Vcc 

v,t 

Leakage  Current 

or 

or 

6 

±05 

±5.0 

±10 

or 

5.5 

±05 

±50 

±10 

//A 

v,„ 

Gnd 

V„ 

"For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

A„  or  B„ 

0.4 

OE 

1.5 

DIR 

0.9 
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'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  a/A  max.  @  25°C. 
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CD54/74HC245 
CD54/74HCT245 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25°  C,  Input  t„  ti  =  6  ns) 


CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

(PF) 

HC 

HCT 

Propagation  Delay 

Data  to  Output 

tpHL 
tpLH 

15 

9 

10 

ns 

Enable  to  High-Z 

tpHZ.  tpi_z 

15 

12 

12 

Enable  from  High-Z 

tpZH,  tpzL 

15 

12 

13 

ns 

Power  Dissipation  Capacitance* 

CpD 

53 

55 

PF 

'Cpd  determines  the  no-load  dynamic  power  consumption  per  channel.  It  is  obtained  by  the  following  relationship: 
Po  =Vcc"  f.  (Cpd  +  CL)  where  f.  =  input  frequency, 
d  =  output  load  capacitance.  Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (Input  t„  U  =  6  ns,  Cl  =  50  pF) 


TEST 

LIMITS 

CHARACTERISTIC 

CONDITION 

25' C 

-40°Cto+85°C 

-55°Cto+125°C 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

110 

140 

165 

Data  to  Output 

tpHL 

4.5 

22 

26 

28 

33 

33 

39 

ns 

6 

19 

24 

28 

Propagation  Delay 

tpLZ 

2 

150 

190 

225 

Output  Disable 

4.5 

30 

30 

38 

38 

45 

45 

ns 

to  Output 

tpHZ 

6 

26 

33 

38 

Propagation  Delay 

tpZL 

2 

150 

190 

225 

Output  Enable 

4.5 

30 

32 

38 

40 

48 

ns 

to  Output 

tpZH 

6 

26 

33 

Output  Transition 

tlLH 

2 

60 

75 

90 

Time 

tTHL 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

3-State  Output 

Capacitance 

C„ 

20 

20 

20 

20 

20 

20 

PF 
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CD54/74HC245 
CD54/74HCT245 


OTHER 
INPUTS 
TIED  HIGH 
OR  LOW 

OUTPUT 
ENABLE 


IC  WITH 
3 -STATE 
OUTPUT 


OUTPUT  RL=lk!l  jvCc  fOR  '  PLZ   *"»  'PZL 
JGND  FOR  Iphz  AND  I  pZH 


— t-^AA^-Oj 

-t-Cl 
■i-  50PF 


Three-state  propagation  delay  test  circuit. 


INPUT 

LEVEL  hi 


tf  =  6  ns 


90% 
-  10% 


PHL 

90% 

 V<s 

10  % 


92CS-3S476R1 


OUTPUT 
LOW  TO  OFF 


OUTPUT  HIGH 
TO  OFF 


OUTPUTS 
CONNECTED 


OUTPUTS 
DISCONNECTED 

92CS-38407 


OUTPUTS 
CONNECTED 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 


314 


.Technical  Data 


File  Number  1489 

Advance  Information/ 
Preliminary  Data 


CD54/74HC251 
CD54/74HCT251 


High-Speed  CMOS  Logic 


CHANNEL 
INPUTS  " 


14  " 
17- 

so- 
S|  - 
S2- 

FUNCTIONAL  DIAGRAM 


8-lnput  Multiplexer;  3-State 


0UT       Type  Features: 

PUTS      ■  Selects  one  of  eight  binary  data  inputs 

■  3-state  output  capability 

■  True  and  complement  outputs 

■  Typical  (data  to  output)  propagation  delay  of 
14  ns  @  Vcc=5  V,  C=T5  pF,  U=+25°C 


TheRCA-CD54/74HC251  and  CD54/74HCT251  are8-chan- 
nel  digital  multiplexers  with  3-state  outputs,  fabricated  with 
high-speed  silicon-gate  CMOS  technology.  Together  with 
the  low  power  consumption  of  standard  CMOS  integrated 
circuits,  they  possess  the  ability  to  drive  10  LSTTL  loads. 
The  3-state  feature  makes  them  ideally  suited  for  interfacing 
with  bus  lines  in  a  bus-oriented  system. 

This  multiplexerfeatures  both  true  (Y)  and  complement  (Y) 
outputs  as  well  as  an  output  enable  (OE)  input.  The  OE 
must  be  at  a  low  logic  level  to  enable  this  device.  When  the 
OE  input  is  high,  both  outputs  are  in  the  high-impedance 
state.  When  enabled,  address  information  on  the  data  select 
inputs  determines  which  data  input  is  routed  to  the  Y  and"? 
outputs.  The  CD54/74HCT251  logic  family  is  speed,  func- 
tion, and  pin-compatible  with  the  standard  54LS/74LS251. 

The  CD54HC251  and  CD54HCT251  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC251  and  CD74HCT251  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

m  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 
2to6V  Operation 
High  Noise  Immunity: 

W,L  =  30%,  Wih  =  30%  of  Vcc:  @  Vcc  =  5  V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

l/,L  =  0.8  V  Max..  Vm  =  2V  Min. 
CMOS  Input  Compatibility 
/,  <  1  vA  @  yQL,  I^oh 
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io  O  h» 

*  ^51 
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><H> 
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0E 
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16 
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GND  A 

8X 
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sT 
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Fig.  3  -  Logic  diagram  for  HC/HCT251 . 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

SELECT 

OUTPUT 

Y 

Y 

S2 

S1 

SO 

CONTROL  OE 

X 

X 

X 

H 

Z 

Z 

L 

L 

L 

L 

"a 

'0 

L 

L 

H 

L 

h 

N 

L 

H 

L 

L 

"a 

'2 

L 

H 

H 

L 

'3 

13 

H 

L 

L 

L 

U 

U 

H 

L 

H 

L 

is 

is 

H 

H 

L 

L 

'6 

>6 

H 

H 

H 

L 

>7 

'7 

H  =  high  logic  level 

L  =  low  logic  level 

X  =  irrelevant 

Z  =  high  impedance  (off) 

l0,  1 1   .  .  .  I7  =  the  level  of  the  respective  input 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 

DC  SUPPLY- VOLT  AGE,  (Vcc): 

(Voltages  referenced  to  ground)    -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  I,k  (FOR  V,  <  -0.5  V  OR  Vi  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  CURRENT,  U  (FOR  V0< -0.5  V  OR  V„>  Vcc +0.5V)    +20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  TA  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

ForT,  =  +60  to +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T.  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70° C  (PACKAGE  TYPE  M)   400  mW 

For  T.  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F,  H    -55tO+125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T„,)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX, 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  V,„,  Vout 

0 

Vcc 

V 

Operating  Temperature  Ta: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

"C 

•c 

Input  Rise  and  Fall  Times  t,,ti 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

•Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC251/CD54HC251 

CD74HCT251/CD54HCT251 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 
mA 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  c 

-55/ 
♦12S°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  VIH 

2 

1.5 

- 

- 

1.5 

- 

1.5 

- 

- 

4.5 
to 
55 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3.15 

- 

3.15 

- 

6 

4.2 

- 

- 

4.2 

- 

4.2 

- 

Low-Level 

Input  Voltage  VIL 

2 

- 

- 

0.5 

- 

0.5 

- 

0.5 

- 

4.5 
to 
55 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  VOH 
CMOS  Loads 

or 

v„ 

-0  02 

2 

1.9 

1.9 

1.9 

Vn 
or 

v,„ 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

TTL  Loads 

v,t 

or 

v„ 

v„ 
or 
V„ 

4.5 

3.98 

3.84 

3  7 

V 

-4 

4.5 

3.98 

384 

3.7 

-5.2 

6 

548 

5.34 

5.2 

Low-Level 

Output  Voltage  vot 
CMOS  Loads 

V,L 

or 

v„ 

0.02 

2 

0.1 

0.1 

0.1 

v.. 

or 

v,„ 

4.5 

— 

- 

0.1 

- 

0.1 

- 

0.1 

V 

4.5 

0  1 

0.1 

0.1 

6 

0.1 

0  1 

0.1 

TTL  Loads 

V«.  - 
or 

v,„ 

vlu 
or 

V„, 

4.5 

026 

033 

04 

V 

4 

45 

0.26 

033 

0.4 

52 

6 

026 

033 

04 

Input  Leakage 
Current  I, 

v« 

or 
Gnd 

6 

±0.1 

+1 

+1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

±0.1 

±1 

±1 

fA 

Quiescent 
Device 

Current  lcc 

Vcc 
or 

Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

WA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load       A  Ice" 

Vcc-2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

fA 

3-State 

Leakage 

Current 

V*. 
or 

v,„ 

V„  =  Vcc 
or 
Gnd 

6 

105 

±50 

110 

V,t 
or 
v,„ 

5.5 

±0.5 

±5.0 

110 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

SO,  SI,  S2 

0.55 

10-17 

0.5 

OE 

2.65 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°  C,  Input  t„  =  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

CL 
(PF) 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay 

Select  to  Outputs 

tpHL 
tpLH 

15 

21 

18 

ns 

Data  to  Outputs 

15 

12 

12 

ns 

Enable  to  High-Z  and 
Enable  from  High-Z 

tpLZ,  tpHZ 
tpZL.  tpZH 

15 

11 

12 

ns 

Power  Dissipation  Capacitance* 

CpQ 

60 

60 

PF 

'Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
PD  =  VCc2f,  (Cpd  +  CL)  where  f,  =  input  frequency 

CL  =  output  load  capacitance 

Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  =  t,  =  6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

245 

305 

370 

Select  to  Ouputs 

tpHL 

4.5 

49 

42 

61 

53 

74 

63 

ns 

6 

42 

52 

63 

Propagation  Delay 

tpLH 

2 

175 

220 

265 

Data  to  Outputs 

tpHL 

4.5 

35 

35 

44 

44 

53 

53 

ns 

6 

30 

37 

45 

Propagation  Delay 
Enable  to  High  Z  & 

tpLZ.  tpHZ 
tpZL.  tpzH 

2 

4.5 

140 

28 

30 

175 
35 

38 

210 
42 

45 

ns 

Enable  From  High  Z 

6 

24 

30 

36 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

C 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 
Capacitance 

Co 

15 

15 

15 

15 

15 

15 

PF 

■ 
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INVERTING 
OUTPUT " 


NON-  INVERTING 
OUTPUT  Y 


'PLH- 


t,-Sn»-H    K"""*]    f"  '«=6M  INPUT  LEVEL 

In   -\L  vS 

 Jf  V  10* 

•THL    *j    I*"  [*-'TLH 

<ting    A  r  

PUT  7        |>  jaf  10 

r*      ^  *PLH 


90% 
% 


"•PHL 


OUTPUT  LOW 
TO  OFF 


OUTPUT  HIGH 
TO  OFF 


 OUTPUTS 

CONNECTED 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 


OUTPUT  RL.|kSl  rVcc  FOR  I  pLZ   AND  lpZL 
**  jGND  FOR  Iphz  AMD  I  pZH 

-±-  50PF 


92CS-35I29RI 


Fig.  2  -  Three-state  propagation  delay  test  circuit. 
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High-Speed  CMOS  Logic 


Dual  4-lnput  Multiplexer 


Type  Features: 

■  Common  select  inputs 

■  Separate  output-enable  inputs 

■  3-state  outputs 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC253  and  CD54/74HCT253  are  dual 
4-to-1  line  selector/multiplexers  having  3-state  outputs.  One 
of  four  sources  for  each  section  is  selected  by  the  common 
select  inputs,  SO  and  S1.  When  the  output  enable  (10E  or 
20E)  is  HIGH,  the  output  is  in  the  high-impedance  state. 

The  CD54HC253  and  CD54HCT253  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC253  and  CD74HCT253  are  in  16-lead  dual-in-line 
plastic  packages  (E  suffix),  also  in  16-lead  dual-in-line 
surface  mount  plastic  packages  (M  suffix).  These  types  are 
also  available  in  chip  form  (H  suffix). 


TRUTH  TABLE 


Select 
Inputs 

Data  Inputs 

Output 
Enable 

Output 

S1  SO 

lo      li       I2  I3 

OE 

Y 

X  X 
L  L 
L  L 
L  H 
L  H 
H  L 
H  L 
H  H 
H  H 

X       X       X  X 
L       X       X  X 
H       X       X  X 
X       L       X  X 
X       H       X  X 
X       X       L  X 
X       X       H  X 
X       X       X  L 
X       X       X  H 

H 
L 
L 
L 
L 
L 
L 
L 
L 

Z 
L 
H 
L 
H 
L 
H 
L 
H 

Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  75  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:    -40  to  +85°  C 

■  Balanced  propagation  delay  and 
transition  times 

■  Significant  power  reduction  compared  to 
LSTTL  logic  ICS 

m  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity:  N,l=30%,  Wih=30%  of  Vccl 
@  U-Cc=5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

V,L=0.8  V  max.,  V,H=2  V  min. 
CMOS  input  compatibility 

I,<1(jA@  Vol,  Voh 


Select  inputs  SO  and  S1  are  common  to  both  sections. 

H  =  high  level,  L  =  low  level,  X  =  irrelevant,  Z  =  high  impedance  (off). 


10E 

J_ 

Si 

J_ 

&m 

113 

_3 

Hs0 

M2 

4 

1 1  -1 

_5 

-^212 

110 

_e 

H211 

IV 

7 

21  2I0 
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j_ 

JL  2Y 

TERMINAL  ASSIGNMENT 


321 
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Fig.  1  -  Logic  diagram. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (VCc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  I*  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  lo,  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)   ±35  mA 

DC  Vcc  OR  GROUND  CURRENT,  (lcc)  ±70  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  TA  =  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  T*  =  +60  to  +85° C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T»  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

ForTA  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H    -55to+125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (TM)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

r  contacting  lead  tips  only   +300°  C 
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STATIC  ELECTRICAL  CHARACTERISTICS 


C074HC253/CD54HC253 

CD74HCT253/CD54HCT253 

CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

UNITS 

V, 
V 

lo 
mA 

fee 
V 

+25°  C 

-40/ 
»85°C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Mai 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Hiah-Level 

Input  Voltage  VtM 

2 

1.5 

1.5 

1.5 

4.5 
to 

2 

2 

2 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

— 

4  2 

4.2 

5.5 

Low- Level 

Input  Voltage  V1L 

2 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

18 

1.8 

High-Level 

Output  Voltage  Vom 

or 
V,» 

-0.02 

2 

19 

- 

1.9 

1  9 

V,L 

or 
V,H 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

5.9 

5  9 

Vrl 

Vn 

TTL  Loads 
Bus  Driver 

or 

V,H 

or 

VlH 

4.5 

3.98 

- 

3.84 

- 

3.7 

V 

-7.8 

6 

5.48 

5  34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

or 
V,„ 

002 

2 

0.1 

0.1 

0.1 

Vn. 
or 
v,„ 

4.5 

0  1 

0  1 

V 

4.5 

0.1 

0  1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 
Bus  Driver 

V,L 
or 
V,„ 

Mn, 
or 
V,„ 

4.5 

0.26 

033 

04 

V 

6 

4.5 

0.26 

0.33 

0.4 

7.8 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  I. 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

(/A 

Quiescent  Device 
Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

fA 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc  -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

„A 

3- State 
Leakage 

Current  loz 

Vn. 
or 
V,„ 

Vo= 
Vcc 
ir  Gnd 

6 

±0.5 

±5 

±10 

Vn 
or 
Vn 

5.5 

±0  5 

±5 

±10 

„A 

'For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  VCc  =  5.5  V)  specification  is  1 .8  mA. 

 HCT  Input  Loading  Table 


Input 

Unit  Loads* 

1lo-1la,  2lo-2l3 
1  Eg,  2Eo,  So.  Si 

0.4 
1 

"Unit  Load  is  A  lCc  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 //A  max.  (5>25°C. 


Technical  Data 


CD54/74HC253 
CD54/74HCT253 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature,  T»: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times,  t„t(: 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

•Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
SWITCHING  CHARACTERISTICS  (Vcc=5  V,  T*=25°C,  Input  t„t,=6  ns) 


TYPICAL 

CHARACTERISTIC 

cL 

SYMBOL 

VALUES 

UNITS 

PF 

HC 

HCT 

Propagation  Delay 

Select  to  Outputs 

15 

tpHL 

14 

16 

Data  to  Outputs 

tpLH 

ns 

Output  Enabling  Time 

15 

tpzt,  tpzH 

9 

12 

Output  Disabling  Time 

15 

tpLZ,  tpHi: 

12 

12 

Power  Dissipation  Capacitance* 

Cpd 

46 

52 

PF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  multiplexer. 
Po=VCc2  fi  (Cpd  +  CO  where:  fi=input  frequency 

CL=load  capacitance 
VCc=supply  voltage 


SWITCHING  CHARACTERISTICS  (C=50  pF,  Input  t„t(=6  ns) 


25  C 

-40°  C  to  +85"  C 

-55°  C  to 

+  125°C 

CHARACTERISTIC 

SYMBOL 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

175 

220 

265 

Select  to  Outputs 

tpHL 

4.5 

35 

40 

44 

50 

53 

60 

6 

30 

37 

45 

Propagation  Delay 

tpLH 

2 

175 

220 

265 

Data  to  Outputs 

tpHL 

4.5 

35 

38 

44 

48 

53 

57 

6 

30 

37 

45 

ns 

Disable  Delay 

tpHZ 

2 

150 

190 

225 

Times 

tpLZ 

4.5 

30 

30 

38 

38 

45 

45 

6 

26 

33 

38 

Enable  Delay 

'pZH 

2 

110 

140 

165 

Times 

tpZL 

4.5 

22 

30 

28 

38 

33 

45 

ns 

6 

19 

24 

28 

Output  Transition 

t-TLH 

2 

60 

75 

90 

Time 

45 

12 

12 

15 

15 

18 

18 

6 

10 

13 

15 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

3-State  Output 

Co 

20 

20 

20 

20 

20 

20 

PF 

Capacitance 
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Technical  Data 


CD54/74HC253 
CD54/74HCT253 


lr«  6ns  -» 

INPUT  - 
LEVEL 

IorS  


J  


* 


-  tf  -  6ns 

 90% 

 VS 

 in* 


-•PHL 

9ZCS-3B53I 


 OUTPUTS 

CONNECTED 


54/7 4HC 

54/74HCT 

INPUT  LEVEL 

»cc 

3V 

SWITCHING  VOLTAGE,  Vs 

5o*vcc 

1.3  V 

ONNECTED 

92CS-38473 


Fig.  2  -  Transition  and  propagation  delay  times. 


( OTHER 
INPUTS 
liaD 
high 
Of  low) 
OUTPUT 
DISABLE 


IC  WITH 
3 -STATE 
OUTPUT 


OUTPUT  R,  =lkr 


-*Ar\  O 


VCC  ,or  'PLZ  M  V 
GND  for  tcu,  or,dt_. 


92CS-35I30R2 


fig.  3  -  Three-state  propagation  delay  test  circuit. 
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Technical  Data, 


CD54/74HC257 
CD54/74HCT257 


File  Number  1650 


High-Speed  CMOS  Logic 


no— ^ 

»o— * 

3.0— !± 

«— 1Y 

J—  2Y 

^— 3Y 

»i— *- 

3H—10 

41, -il 

S  

1l 

15 

oi- 


92CS-384I9 

FUNCTIONAL  DIAGRAM 


Quad  2-lnput  Multiplexer  with 
3-State  Non-Inverting  Outputs 

Type  Features: 

■  Buffered  Inputs 

m  Typical  Propagation  Delay  (In  to  Output)  =  12  ns 
@  Vcc  =  9r,  Cl  =  15pF,  Ta  =  25°  C 


The  RCA-CD54/74HC257  and  CD54/74HCT257  are  quad  2- 
input  multiplexers  which  select  four  bits  of  data  from  two 
sources  under  the  control  of  a  common  Select  input  (S). 
The  Output  Enable  input  (OE)  is  active  LOW.  When  OE  is 
HIGH,  all  of  the  outputs  (1Y-4Y)  are  in  the  high  impedance 
state  regardless  of  all  other  input  conditions. 

Moving  data  from  two  groups  of  registers  to  four  common 
output  busses  is  a  common  use  of  the  257.  The  state  of  the 
Select  input  determines  the  particular  register  from  which 
the  data  comes.  It  can  also  be  used  as  a  function  generator. 

The  CD54HC257  and  CD54HCT257  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC257  and  CD74HCT257  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


oiQi 


<CM>T^> 


*'iO- 

2'0O 

"iO 
»oO 


Famlly  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 
m  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

m  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 

High  Noise  Immunity:  W,L  =  30%,  W,H=  30%  of  Vcc 

@  VCc=5  V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max..  VtH  =  2V  Min. 
CMOS  Input  Compatibility 

I,  <  1       @  Vol.  Vo» 


FUNCTION  TABLE 


3  CIRCUITS  IDENTICAL  TO  CIRCUIT 
IN  ABOVE  DASHED  ENCLOSURE 


Output 
Enable 

Select 
Input 

Data 
Inputs 

Output 

of 

S 

>0 

"1 

Y 

H 

X 

X 

X 

Z 

L 

L 

L 

X 

L 

L 

L 

H 

X 

H 

L 

H 

X 

L 

L 

L 

H 

X 

H 

H 

LOGIC  DIAGRAM 


H  =  High  level  voltage 

L  =  Low  level  voltage 

Z  =  High  impedance  (off)  state. 

X  =  Don't  care 
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Xa«hr»ir»al  Rata 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  I*  (FOR  V  <  -0.5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  U  (FOR  V„  <  -0.5  V  OR  V0  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)    ±35mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±70mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  T»  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  TA  = +60  to +85° C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55  to  +100°  C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  = +70  to +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E.  M  -40  to  +85°C 

STORAGE  TEMPERATURE  (T.,g)   -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be 


selected  so  that  operation  is  always  within 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„  tt 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


s  - 

1Y  - 
2I0- 
21,- 


16 

«cc 

15 

OE 

14 

■"0 

13 

41, 

12 

4Y 

1  1 

10 

3I0 

31, 

9 

3Y 

92CS-38420RI 


TERMINAL  ASSIGNMENT 


Technical  Data 


CD54/74HC257 
CD54/74HCT257 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC257/CD54HC257 

CD74HCT2S7/CD54HCT257 

TEST 
CONDITIONS 

74HC/54HC 
SERIES 

74HC 
SERIES 

54HC 
SERIES 

TEST 
CONDITIONS 

74HCT/S4HCT 
SERIES 

74HCT 
SERIES 

54HCT 
SERIES 

CHARACTERISTIC 

UNITS 

V, 
V 

■a 
mA 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
♦85°  C 

-55/ 
♦12S°C 

Mln 

Typ 

Max 

Mln 

Mai 

Mln 

Mai 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

High-Level 

2 

15 

1.5 

1.5 

4.5 

Input  Voltage  V,H 

4.5 

3  15 

3.15 

3  15 

- 

to 

2 

2 

2 

6 

4.2 

42 

4.2 

55 

Low-Level 

2 

0.5 

0.5 

0.5 

4.5 

Input  Voltage  V,L 

4.5 

1.35 

1.35 

1.35 

- 

to 

0.8 

08 

0.8 

V 

6 

- 

1.8 

1.8 

1.8 

5.5 

High-Level 

V» 

2 

1.9 

19 

19 

vlt 

Output  Voltage  vOH 

or 

-0.02 

4.5 

44 

4.4 

44 

or 

4.5 

4.4 

4.4 

4.4 

V 

CMOS  Loads 

V* 

6 

5.9 

5.9 

5.9 

v„ 

v,L 

v,t 

TTL  Loads 

or 

-6 

4.5 

398 

384 

37 

or 

4.5 

398 

384 

3.7 

V 

(Bus  Driver) 

v,„ 

-78 

6 

548 

534 

5.2 

v„ 

Low-Level 

v„ 

2 

0.1 

0.1 

0.1 

v.. 

Output  Voltage  VOL 

or 

0.02 

4.5 

0  1 

0.1 

01 

or 

4.5 

0.1 

01 

0  1 

V 

CMOS  Loads 

v,„ 

6 

0.1 

0.1 

0.1 

v,„ 

ft 

v,L 

TTL  Loads 

or 

6 

4.5 

026 

0.33 

0.4 

or 

4.5 

0.26 

0.33 

0.4 

V 

(Bus  Driver) 

vm 

7.8 

6 

026 

033 

04 

V„ 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
8,  Gnd 

5.5 

±0.1 

±1 

±1 

Quiescent 

Vcc 

Vcc 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

fjA 

Current  lcc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec' 

Vcc-21 

4.5 
to 

5.5 

100 

360 

450 

490 

„A 

3-State 

V* 

Vo=Vcc 

leakage 

or 

or 

6 

±0.5 

±5 

±10 

or 

55 

±0.5 

±5 

±10 

/JA 

current  loi 

v« 

Gnd 

v,„ 

'For  dual-supply  systems  theoretical  worst  case  (V,  ■  2.4  V,  Vcc  -  5.5  V)  specification  is  1.8  mA 


HCT  Input  Loading  Table 


Input 

Unit  Loads' 

Data 

0.95 

S 

3 

OE 

0.6 

•Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart, 
e.g..  360  M  max,  @  25°  C. 


 Technical  Data 

CD54/74HC257 
CD54/74HCT257 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°  C,  Input  t„  1,  =  6  ns) 


CHARACTERISTIC 

CL 

\PrJ 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

nlQ.  nli,  to  Y 

15 

tpHL 
tpLH 

12 

13 

ns 

OEtoY 

15 

tpzi 

tpZH 
tpLZ 
tpHZ 

12 

12 

ns 

Sto  Y 

15 

tpHL 
tpLH 

14 

16 

ns 

Power  Dissipation  Capacitance* 

Cpd 

45 

45 

PF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  multiplexer. 
PD=Vcc2  fi  (Cpd  +  CL)  where  f,=input  frequency 


CL  =  output  load  capacitance 
Vcc  =  supply  voltage 

SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

150 

190 

225 

IntoY 

tpHL 

4.5 

30 

33 

38 

41 

45 

50 

ns 

(Fig.  2) 

6 

26 

33 

38 

Propagation  Delay 

2 

175 

220 

265 

Sto  Y 

tpLH 

4.5 

35 

38 

44 

48 

53 

57 

ns 

(Fig.  2) 

tpHL 

6 

30 

37 

45 

Propagation  Delay 
OEtoY 

tpLZ 
tpZL 
tpHZ 
tpZH 

2 

4.5 

150 
30 

30 

190 
38 

38 

225 
45 

45 

ns 

(Fig.  3) 

6 

26 

33 

38 

Output  Transition 

tn.H 

tTHL 

2 

60 

75 

90 

Time 

4.5 

12 

12 

15 

15 

18 

18 

ns 

(Fig.  2) 

6 

10 

13 

15 

Input 

Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

PF 

— +■]   m  tf  =  6  ns 


X 
X, 


INPUT 
LEVEL 


9ZCS-3842ZRI 


OE 
OE10E2 


OUTPUT 
LOW  TO  OFF 


t,  =  6  ns  — 


'PLZ 


OUTPUT 
HIGH  TO  OFF 


OUTPUTS  _ 
CONNECTED 


tf  =  6  ns 
 90  % 

>  mm, 


•pzl 


10%  I 


 90  % 


_  OUTPUTS  _ 
DISCONNECTED 


_  OUTPUTS 
CONNECTED 


9ZCS-36423RI 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  3  -  Output  Enable  to  output  propagation  delays. 
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CD54/74HC258 
CD54/74HCT258 


File  Number  1775 


High-Speed  CMOS  Logic 


Quad  2-lnput  Multiplexer  with 
3-State  Inverting  Outputs 

Type  Features: 

■  Buffered  inputs 

m  Typical  CD54/74HC258  propagation  delay  =  7  ns 
@VCc  =  5  V,  CL  =>  75  pF,  TA  =  25°C 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC258  and  CD54/74HCT258  are  quad  2- 
input  multiplexers  which  select  four  bits  of  data  from  two 
sources  under  the  control  j)f  a  common  Select  input  (S). 
The  Output  Enable  input  JOEJJs  active  LOW.  When  OE  is 
HIGH,  all  of  the  outputs  (1Y-4Y)  are  in  the  high  impedance 
state  regardless  of  all  other  input  conditions. 

Moving  data  from  two  groups  of  registers  to  four  common 
output  busses  is  a  common  use  of  the  258.  The  state  of  the 
Select  input  determines  the  particular  register  from  which 
the  data  comes.  It  can  also  be  used  as  a  function  generator. 

The  CD54HC/HCT258  are  supplied  in  16-lead  hermetic 
dual-in-line  ceramic  packages  (F  suffix).  The  CD74HC/ 
HCT258  are  supplied  in  16-lead  dual-in-line  plastic  pack- 
ages (E  suffix)  and  in  16-lead  dual-in-line  surface  mount 
plastic  packages  (M  suffix).  Both  types  are  also  available  in 
chip  form  (H  suffix). 


oeO — ■£> 


3  CIRCUITS  IDENTICAL  TO 
CIRCUIT  IN  ABOVE  CASHED 
ENCLOSURE 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT/HCU:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

m  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 
High  Noise  Immunity: 
Nil  =  30%,  Nih  =  30%  of  Vcc;  @  Vcc  =  5V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5. 5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  Max..  I/,h  =  2  V  Min. 
CMOS  Input  Compatibility 
l,<1fjA@  Vou  Voh 


3  CIRCUITS  IDENTICAL  TO 
CIRCUIT  IN  «BI 

ENCLOSURE 


CD54/74HC258  Logic  Diagram 


CD54/74HCT258  Logic  Diagram 


.Technical  Data 


CD54/74HC258 
CD54/74HCT258 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  I,k  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5V)   ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l0)  (FOR -0.5  V  <  V0  <  Vcc  +  0.5V)    ±35mA 

DC  Vcc  OR  GROUND  CURRENT  (lCc)    +70mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40 to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T,  = +70  to +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H    -55  to  +125°C 

PACKAGE  TYPE  E.  M   -40to+85°C 

STORAGE  TEMPERATURE  (T,tt)   -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times  t„  ti 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


FUNCTION  TABLE 


Output 
Enable 

Select 
Input 

Data 
Inputs 

Output 

OE 

S 

'0 

h 

Y 

H 

X 

X 

X 

Z 

L 

L 

L 

X 

H 

L 

L 

H 

X 

L 

L 

H 

X 

L 

H 

L 

H 

X 

H 

L 

H  =  High  level  voltage 
L  -  Low  level  voltage 
X  '  Don't  care. 

Z  =  High  impedance  (off)  state 


GND 


»2CS-3MI5 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC258/CD54HC258 

CD74HCT258/CD54HCT258 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

■o 

fflA 

Vcc 
V 

+25"  C 

-40/ 
+85°  C 

-55/ 
+125-C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Min 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V,„ 

2 

1.5 

1.5 

1.5 

4.5 
to 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low- Level 

Input  Voltage  VlL 

2 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  VOH 
CMOS  Loads 

v«. 

or 
v,„ 

-0.02 

2 

1.9 

1.9 

1.9 

V. 
or 

v,„ 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4  4 

4  4 

4  4 

6 

5  9 

5.9 

5.9 

TTL  Loads 
(Bus  Driver) 

v«. 

or 

v„ 

•  Vn. 
or 
V„ 

45 

3.98 

- 

- 

3.84 

- 

3.7 

- 

V 

-8 

4.5 

3.98 

- 

- 

3.84 

- 

3.7 

- 

-7.8 

6 

5  48 

5  34 

5  2 

Low-Level 

Output  Voltage  V0L 
CMOS  Loads 

Vi 
or 
V„ 

0.02 

2 

- 

0.1 

0.1 

0.1 

v,L 

or 

Vn 

4.5 

- 

- 

0.1 

- 

0.1 

- 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 
(Bus  Driver) 

or 

v,„ 

v«. 
or 

v,„ 

4.5 

- 

- 

026 

- 

0.33 

- 

0.4 

V 

6 

4.5 

0.26 

0.33 

0.4 

7.8 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 

&  Grid 

5.5 

±0.1 

+1 

+1 

(/A 

Quiescent 
Device 

Current  Ice 

Vcc 

or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

/JA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

I  unit  loaa  Alec 

Vcc-21 

4.5 
to 
5.5 

100 

360 

450 

490 

„A 

3-State 

k 

Vo  =  Vcc 

V,i 

leakage 

or 

or 

6 

±0.5 

±5 

±10 

or 

5.5 

+0.5 

±5 

±10 

KA 

current  loz 

V„ 

Gnd 

v,„ 

'For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 
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Input 

Unit  Loads* 

Data 

0.5 

S 

1.5 

OE 

1.5 

"Unit  Load  is  Alec  limit  specified 

n  Static  Characteristic 

Chart,  e.g.,  360      max.  @  25°C 

Technical  Data 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25°C,  Input  t„  t.  =  6  ns) 


CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

(PF) 

HC 

HCT 

nlD,  nl„  to  Y~ 

tpHL  Wh 

15 

7 

11 

ns 

OE  to  Y 

*pzl  Wh 

15 

11 

11 

ns 

*PLZ  *PHZ 

15 

12 

12 

ns 

S  to  Y 

tpHL  *PLH 

15 

11 

14 

ns 

Power  Dissipation  Capacitance* 

CpD 

49 

49 

PF 

*CPD  is  used  to  determine  the  dynamic  power  consumption,  per  multiplexer. 
PD  =  Vcc  fi  (CPD  +  CL)  where:  fi  =  input  frequency 

CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

S4HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

95 

120 

145 

nl0,  nl„  toY 

tpHL 

4.5 

19 

27 

24 

34 

29 

41 

ns 

(Fig. 2) 

6 

15 

20 

25 

Propagation  Delay 

2 

140 

175 

210 

Sto  Y 

tpLH 

4.5 

28 

34 

35 

43 

42 

51 

ns 

(Fig. 3) 

tpHL 

6 

24 

30 

36 

Propagation  Delay 

tpzi 

2 

140 

175 

210 

OE  to  Y 

4.5 

28 

28 

35 

35 

42 

42 

ns 

(Fig. 4) 

tpZH 

6 

24 

30 

36 

Propagation  Delay 

tpLZ 

2 

150 

190 

225 

OE  to  Y 

4.5 

30 

30 

38 

38 

45 

45 

ns 

(Fig.  4) 

tpHZ 

6 

26 

33 

38 

Output  Transition 

tTLH 

2 

60 

75 

90 

Time 

tTHL 

45 

12 

12 

15 

15 

18 

18 

ns 

(Fig.  2) 

6 

10 

13 

15 

Input 

Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

PF 
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tf  =  6  ns 


=  6ns-»j  p—  -»j  p—  tr 
OR  H       \|  \f-  V 


■■  6  ns 

INPUT  LEVEL 
VS 

t|  GND 


p»—  tr=6ns  — *-j 


—   tf  =  6  ns 


-•-4    h»— *PHL 
^  j  90% 

-j    l—        -j  L-tTHL 


«PLZ 


OUTPUT 
LOW  TO  OFF 


«PHZ 


OUTPUT 
HIGH  TO  OFF 


*TLH 

92CS- 39818 

Fig.  2  -  Select  to  output  delays. 


>st<^— —  90 


■90% 
■VS 
 10% 


<PZL 


<PZH 


OUTPUTS 
CONNECTED 


_  OUTPUTS 
DISCONNECTED 


-VS 

OUTPUTS 
CONNECTED 


«PLH— J  f— 

— «J  «PHL  \r*— 


92CS-398I7 

Fig.  4  -  Output  Enable  to  output  propagation  delays. 

INPUT  LEVEL 


«PHL  h«— 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%VCC 

1.3  V 

92CS-398I9 

Fig.  3  -  Select  to  output  propagation  delays. 


■ 
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Technical  Data 


File  Number  1727  CD54/74HC259 

CD54/74HCT259 


High-Speed  CMOS  Logic 


LE  - 


8-Bit  Addressable  Latch 


Type  Features: 

■  Buffered  inputs  and  outputs 

■  Four  operating  modes 

■  Typical  propagation  delay  of  15  ns  @  Vcc  =  5  V, 
CL=  15  pF,  T»  =  +25°C 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC259  and  CD54/74HCT259  Address- 
able Latch  features  the  low-power  consumption  associated 
with  CMOS  circuitry  and  has  speeds  comparable  to  low- 
power  Schottky. 

This  latch  has  three  active  modes  and  one  reset  mode. 
When  both  the  Latch  Enable  (TlT)  and  Master  Reset  (MR) 
inputs  are  low  (8-line  Demultiplexer  mode)  the  output  of  the 
addressed  latch  follows  the  Data  input  and  all  other  outputs 
are  forced  low.  When  both  MR  and  LE  are  high  (Memory 
Mode),  all  outputs  are  isolated  from  the  Data  input,  i.e.,  all 
latches  hold  the  last  data  presented  before  theLE  transition 
from  low  to  high.  A  condition  of  LE  low  and  MR  high  (Ad- 
dressable Latch  mode)  allows  the  addressed  latch's  output 
to  follow  the  data  input;  all  other  latches  are  unaffected.  The 
Reset  mode  (all  outputs  low)  results  when  LE  is  high  and 
MR  is  low. 


The  CD54HC259  and  CD54HCT259  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC259  and  CD74HCT259  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  1 6-lead  dual- 
in-line  surface-mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 

■  Bus  driver  outputs  -  15  LSTTL  loads 
Wide  operating  temperature  range: 
CD74HC/HCT:  -40  to  +85°C 

■  Balanced  propagation  delay  and  transition  times 
m  Significant  power  reduction  compared  to  LSTTL 

logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2to6V  operation 

High  noise  immunity:  Nil  =  30%,  Nm  =  30%  of  Vcc; 
@VCC  =  5V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

V,L  =  0.8  V  max.,  VM  =  2V  min. 
CMOS  input  compatibility 

/,  <  J  fiA@  Vol,  Voh 


AO  — 

2  vcc 

M 

£  MR 

L* 

01  ~ 

^07 

^06 

03-?- 

0^05 

GND  — 

^-0. 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  Iik  (FOR  V,  <  -0.5  V  OR  Vi  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V<  V„<  Vcc  +0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (lcc)  +50  m A 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  Ta  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

For  Ta  =  +60  to  +85° C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  Ta  =  +1 00  to  +1 25°  C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  Ta  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta)! 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (TIlg)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  265°  C 

Unit  inserted  into  a  PC  board  (min.  thickness  1/16  in.,  1.59  mm)  with  solder  contacting  lead  tips  only   300°  C 


MR  D  LE 
I50  I3Q  I4Q 


aO      aO    al      al      o2  o2 


r=±=L  ri-U  m  m  m  ^  4; 


io       On  O12 

Q5  Q6  07 

92CM-39254 


Fig.  1  -  Logic  diagram. 
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RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply  Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:  * 
CD54/74HC  Types 
CD54/74HCT  Types 

2 
4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  T»: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+  125 

°c 
°c 

Input  Rise  and  Fall  Times,  t„  tr 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

*  Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

TRUTH  TABLE 


LATCH  SELECTION  TABLE 


INPUTS 

Output  of 
Address  Latch 

Each  Other 
Output 

Function 

MR 

LT 

H 

L 

D 

Q,o 

Addressable 

Latch 

H 

H 

Oo 

Q,o 

Memory 

L 

L 

D 

L 

8-Line 

Demultiplexer 

L 

H 

L 

L 

Reset 

H  =  High  level         L  =  Low  level 
D  =  The  level  at  the  data  input 

Qio  =  The  level  of  Qi  (i  =  0,  1...7,  as  appropriate)  before 
the  indicated  steady-state  input  conditions  were 
established. 


Select  Inputs 

Latch 
Addressed 

A2 

A1 

AO 

L 

L 

L 

0 

L 

L 

H 

1 

L 

H 

L 

2 

L 

H 

H 

3 

H 

L 

L 

4 

H 

L 

H 

5 

H 

H 

L 

6 

H 

H 

H 

7 
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STATIC  ELECTRICAL  CHARACTERISTICS 




CHARACTERISTIC 



GD74HC259,  CD54HC2S9 

,  

CD74HCT259,  CD54HCT259 

UNITS 

TEST 
CONDITIONS 

74HC/S4HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

Vi 
V 

lo 
mA 

Vcc 
V 

+25"  C 

-40/ 

+85°  C 

-55/ 
♦125° C 

V, 

Vcc 

♦25°C 

-40/ 
+85°  C 

-55/ 
♦125°C 

Mln 

Typ 

Man 

Mln 

Mai 

Mln 

Max 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

High -Level 

Input  Voltage  Vm 

1.5 

1.5 

1.5 

4.5 

5.5 

2 

2 

2 

V 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low- Level 

Input  Voltage  Vil 

2 

- 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

- 

— 

0.8 

- 

0.8 

- 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1 .8 

High-Level 

Output  Voltage  Vom 
CMOS  Loads 

Vn 
or 

VtH 

-0.02 

2 

1.9 

1.9 

1.9 

Vil 

or 

VlH 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

5.9 

5.9 

TTL  Loads 

V,L 
or 
V,„ 

V,L 

or 

V|H 

4.5 

398 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low- Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 

or 

0.02 

2 

0.1 

0.1 

0.1 

Vil 

or 
Vm 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

v,L 
or 
V,h 

Vil 

or 

V|H 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

033 

0.4 

5  2 

6 

0.26 

0.33 

0.4 

Input  Leakage 

Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

„A 

Quiescent 

Device  Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

f* 

Additional 

Quiescent  Device 

Current  per  input 

pin:  1  unit  load  Alec* 

Vcc -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1.8  mA. 


HCT  Input  Loading  Table 


Input 



Unit  Loads  * 

A0-A2,  LET 

1.5 

D 

1.2 

MR" 

0.75 

'  Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 /uA  max.  @  25° C. 
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SWITCHING  CHARACTERISTICS  (Vcc=5  V,  TA=25°C,  Input  t„  t,=6  ns) 


Cl 

TYPICAL 

CHARACTERISTIC 

(pF) 

HC 

HCT 

UNITS 

Propagation  Delay 
D  to  Q 

tpLH 
tpHL 

15 

15 

16 

ns 

LEtoQ 

14 

16 

ns 

A  to  Q 

15 

17 

ns 

MR  to  Q 

15 

13 

16 

ns 

Power  Dissipation  Capacitance* 

Cpd 

21 

22 

pF 

*  Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 

Pd  =  CpDVCc2fi+  I  CLVCc2fo       where  fi  =  input  frequency,  f0  =  output  frequency, 

CL  =  output  load  capacitance,  VCc  =  supply  voltage. 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25°  C 

-40°Cto  +85"  C 

-55°Cto  +125°C 

CHARACTERISTIC 

CONDITION 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54  HCT 

Vcc 

V 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Pulse  Width  twL 

2 

70 

90 

105 

Ie" 

4.5 

14 

18 

18 

23 

21 

27 

ns 

6 

12 

15 

18 

2 

70 

90 

105 

MR  twt 

4.5 

14 

18 

18 

23 

21 

27 

ns 

6 

12 

15 

18 

Set-up  Time  tsu 

2 

80 

100 

120 

D  to  He 

4.5 

16 

17 

20 

21 

24 

26 

ns 

6 

14 

17 

20 

2 

80 

100 

120 

AtoIT  tsu 

4.5 

16 

17 

20 

21 

24 

26 

ns 

6 

14 

17 

20 

Hold  Time  tH 

2 

0 

0 

0 

DtoLE 

4.5 

0 

0 

0 

0 

0 

0 

ns 

6 

0 

0 

0 

2 

0 

0 

0 

A  toLE  tH 

4.5 

0 

0 

0 

0 

0 

0 

ns 

6 

0 

0 

0 
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SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  l„  ti  =  6  ns) 


LIMITS 

CHARACTERISTIC 

TEST 
CONDITION 

¥CC 

V 

25°  C 

-40°Cto  +85°  C 

-55°Cto+125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

PropaQation  tpi_H 

2 

— 

185 

— 

— 

— 

230 

— 

— 

— 

280 

— 

— 

Delay  tpHL 

A  £ 
*t.O 

— 

37 

— 

39 

— 

46 

— 

49 

— 

56 

— 

59 

D  to  Q 

6 

— 

31 

— 

— 

— 

39 

— 

— 

— 

48 

— 

— 

— 

170 

— 

— 

— 

215 

— 

— 

— 

255 

— 

— 

Lt  TO  KJ 

A  R 

— 

34 

— 

38 

— 

43 

— 

48 

— 

51 

— 

57 

6 

— 

29 

— 

— 

— 

37 

— 

— 

— 

43 

— 

— 

— 

185 

— 

— 

— 

230 

— 

— 

— 

280 

— 

— 

A  to  Q 

A  K 

37 

41 

— 

46 

51 

— 

56 

—  * 

61 

6 

31 

— 

39 

— 

48 

— 

2 

155 

195 

235 

ivin  io  u 

31 

39 

39 

49 

47 

59 

6 

26 

33 

40 

UUlfJUl  ITLH 

2 

75 

95 

110 

Transition  tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Time 

e 
D 

13 

16 

19 

Input  Ci 

Capacitance 

10 

10 

10 

10 

10 

10 

PF 

f 


IPHL*  -*l.pLHj-- 


PROPAGATION  DELAY 
DATA  TO  OUTPUT 


'PLH 


LATCH  ENABLE  PULSE  WIDTH  AND 

LATCH  ENABLE  TO  OUTPUT  PROPAGATION  DELAY 


■3i 


*PHL 


'PLH 


3* 


PROPAGATION  DELAY 
ADDRESS  TO  OUTPUT 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

92CU -39256RI 


Fig.  2- AC  Wavetorms. 
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Technical  Data 


CD54/74HC259 
CD54/74HCT259 


3«  f 


••(H) 


HR  TO  OUTPUT  DELAY 
AND  BR  PULSE  WIDTH 


DATA  SETUP  AND  HOLD  TIMES 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  V, 

50%  Vcc 

13V 

LATCH  ENABLE 


ADDRESS  SETUP  AND   HOLD  TIMES 

92CM-39259RI 


Fig.  3  -  AC  Waveforms. 
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Technical  Data 


CD54/74HC273 
CD54/74HCT273 


File  Number  1479 


High-Speed  CMOS  Logic 


J 

;set    Wft  1  9 


2CS-36976R2 


Octal  D  Flip-Flop  with  Reset 


Type  I 

■  Common  clock  and  asynchronous  master  reset 

■  Positive-edge  triggering 

■  Buffered  inputs 

■  Typical  f™,  =  60  MHz  @Vcc  =  5  V.  CL  =  15pF,  7a  =  25°  C 


FUNCTIONAL  DIAGRAM 


The  RCA  CD54/74HC273  and  the  CD54/74HCT273  high 
speed  Octal  D-Type  Flip-Flops  with  a  direct  clear  input  are 
manufactured  with  silicon-gate  CMOS  technology.  They 
possess  the  low  power  consumption  of  standard  CMOS 
integrated  circuits. 

Information  at  the  D  input  is  transferred  to  the  Q  outputs  on  the 
positive-going  edge  of  the  clock  pulse.  All  eight  Flip-Flops  are 
controlled  by  a  common  clock  (CP)  and  a  common  reset  (MR). 
Resetting  is  accomplished  by  a  low  voltage  level  independent 
of  the  clock.  All  eight  Q  outputs  are  reset  to  a  logic  0. 

The  CD54HC273  and  CD54HCT273  are  supplied  in  20-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC273  and  CD74HCT273  are  supplied  in  20-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  20-lead 
dual-in-line  surface  mount  plastic  packages  (M  suffix). 
Both  types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  {Over  Temperature  Range): 

Standard  Outputs  ■  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CDS4HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  W,L  =  30%,  NIH=  30%  of  Vcc 
@VCc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

Vil  =  0.8V  Max.,  Vih  =  2  V  Min. 
CMOS  Input  Compatibility 
!,<1fjA@  Vou  Voh 


Fig.  1  -  Logic  diagram. 


Technical  Data 


CD54/74HC273 
CD54/74HCT273 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  Iw  (FOR  V,  <  -0.5  V  OR  Vi  >  Vcc  +0.5  V  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V  ±20  mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  PER  PIN  (Ice):  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  ■  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  T,  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T»  ■  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/'C  to  300  mW 

For  T,  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  T«  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H    -55to+125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  Ow,)    -65to+150"C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 

TRUTH  TABLE  (EACH  FLIP-FLOP) 


INPUTS 

OUTPUT 

RESET 
(MR) 

CLOCK 
CP 

DATA 
Dn 

Q 

L 

X 

X 

L 

H 

H 

H 

H 

L 

L 

H 

L 

X 

Qo 

H  =  High  Level  (Steady  State) 
L  =  Low  Level  (Steady  State) 
X  =  Irrelevant 

— s~=  Transition  from  Low  to  High  Level 
Qo  =  The  Level  of  Q  Before  the  Indicated  Steady-State 
Input  Conditions  were  Established 


92CS- 38084R1 


Fig.  2  -  Flip-Flop  detail. 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply  Voltage  Range  (ForTA  =  Full  Package  Temperature  Range)  VCC:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 
V 

DC  Input  or  Output  Voltage  Vi ,  Vo 

0 

VCC 

V 

Operating  Temperature  Ta: 

CD74  Types 
CD54  Types 

-40 
-55 

+85 
+  125 

°c 

°C 

Input  Rise  and  Fall  Times,  tr,  tf 
at2V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 
ns 
ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 


CD74HC273/CD54HC273 


TEST 
CONDITIONS 


lo 

mA 


74HC/54HC 
TYPES 


Mln  Typ  Max 


74HC 
TYPES 


-40/ 
♦85°  C 


54HC 
TYPES 


-55/ 
♦125°C 


CD74HCT273/CD54HCT273 


TEST 
CONDITIONS 


v 


74HCT/54HCT 
TYPES 


Mln  Typ  Mai 


74HCT 
TYPES 


-40/ 
*85°C 


54HCT 
TYPES 


-55/ 
*125°C 


High-Level 

Input  Voltage  VIM 


Low-Level 
Input  Voltage 


High-Level 
Output  Voltage  Voi 
CMOS  Loads 


Low- Level 

Output  Voltage  Voi 
CMOS  Loads 


Input  Leakage 
Current  I. 


Any 
Voltage 
between 

Vcc 
& 

Gnd 


fA 


Quiescent 

Device 

Current 


Additional 
Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec' 


■For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  s  5.5  V)  specification  is  1.8  mA. 
HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

MR 

1.5 

Data 

0.4 

CP 

1.5 

•Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 //A  max.  @  25°  C. 
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MR 

1 

^»cc 

Q0 

2 

Ola/ 

DO 

_J 

r^D7 

D1 

4 

II  D6 

01 

5 

Jioe 

Q2 

j| 

i5.Q5 

7 

02 

iiD5 

D3 

_8_ 

-SD4 

Q3 

_9_ 

12- 04 

GND 

JO 

ILcp 

92CS  36834 


TERMINAL  ASSIGNMENT 


 Technical  Data 

CD54/74HC273 
CD54/74HCT273 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 

i  1  1  


LIMITS 

CHARACTERISTIC 

TEST 
CONDITION 

VCC 
V 

25 

'C 

-40°  C  to  +85°  C 

-55°Cto+125 

°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Mln. 

Max. 

Mill.  Mi 

x.  Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Maximum  Clock 
Frequency 
Fig.  3 

fmax 

2 

4.5 
6 

6 
30 
35 

25 

5 
25 
29 

20 

4 

20 
23 

16 

MHz 

MR  Pulse  Width 
Fig.  4 

tw 

2 
4.5 
6 

60 
12 
10 

12 

75 
15 
13 

15 

90 
18 

15 

18 

ns 

Clock  Pulse  Width 
Fig.  3 

tw 

2 

4.5 
6 

80 
16 
14 

20 

100 
20 
17 

25 

120 
24 
20 

30 

ns 

Set-up  Time 
Data  to  Clock 

2 
4.5 

60 
12 

12 

75 
15 

15 

70 
18 

18 

ns 

Fig.  5 

tsu 

6 

10 

13 

15 

Hold  Time 
Data  to  Clock 
Fig.  5 

tH 

2 

4.5 
6 

3 
3 
3 

3 

3 
3 
3 

3 

3 
3 
3 

3 

ns 

Removal  Time 
MR  to  Clock 

tflEM 

2 

4.5 
6 

50 
10 
9 

10 

65 
13 
11 

13 

75 
15 
13 

15 

ns 

I 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

PF 

HC 

HCT 

Propagation  Delay, 
Clock  to  Q 

tpLH 
tpHL 

15 

12 

12 

ns 

Maximum  Clock  Frequency 

fmax 

15 

60 

50 

MHz 

Power  Dissipation  Capacitance" 

Cpo 

25 

25 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  flip-tlop. 

PD  =  Cp0Vcc2fi+  X  CLVcc2fo   where  fi  =  input  frequency,  to  =  output  frequency, 

CL  =  output  load  capacitance,  Vcc  =  supply  voltage. 
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Technical  Data, 


CD54/74HC273 
CD54/74HCT273 

SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  ti  =  6  ns) 


LIMITS 

CHARACTERISTIC 

TEST 
CONDITION 

VCC 
V 

25°  C 

-40°Cto  +85°  C 

-55°Cto+125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC  ! 

I4HCT 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max.  M 

n.  Max. 

Propagation  Delay 

tpLH 

2 

150 

190 

225 

Clock  to  Output 

tpHL 

4.5 

30 

30 

38 

38 

45 

45 

ns 

Fig.  3 

6 

26 

30 

38 

Propagation  Delay 

2 

150 

190 

225 

"MR  to  Output 

tpHL 

4.5 

30 

32 

38 

40 

45 

48 

ns 

Fig.  4 

6 

26 

33 

38 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

Fig.  6 

6 

13 

16 

19 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

'r        "H  )-  l| 


Fig.  3  -  Clock  to  output  delays  and  clock  pulse  width. 


Fig.  4  -  Master  reset  pulse  width.  Master  reset  to  output  delay  and 
master  reset  to  clock  recovery  time. 


INPUT 
LEVEL ' 


(Lt—  


-1SUIHV*- 


-t„(H) 


92CS-  36954RL 


54  74HC 

S4.74HCT 

Input  Level 

vcc 

3  V 

50-  Vcc 

13  V 

vcc  


90% 
10% 


92CS-3BOB5 


Fig.  5  -  Data  set-up  and  hold  times. 


Fig.  6  -  Transition  times. 
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File  Number  1669 


 Technical  Data 

CD54/74HC280 
CD54/74HCT280 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM 


10 
1 1 


15 
16 
17 
18 


e 

9 

10 

1 1 

12 

13 

1 

2 

4 

I  EVEN 
1-2-   I  ODD 


NC.3 

vcc-ii 

GND.  7 


9-Bit  Odd/Even  Parity 
Generator/Checker 

Type  Features: 

■  Typical  propagation  delay  =  1 7ns 
@  Vcc  -  5  V,  Ci  =  15pF,  7"A  =  25°  C 

■  Replaces  74LS1 80  types 

■  Easily  cascadable 

Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 


'  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 
'  Balanced  Propagation  and 

Transition  Times 
'  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICS 
'  Alternate  Source  is  Philips' Signetics 
1  CD54HC  CD74HC  Types: 
2to6  V  Operation 

High  Noise  Immunity:  N,L  =  30%,  VCc- 
Nih  =  30%  of  Vcc:  @Vcc  =  5V 


The  RCA-CD54/74HC280  and  CD54/74HCT280  are  9-bit 
odd/even  parity,  generator  checker  devices.  Both  even  and 
odd  parity  outputs  are  available  for  checking  or  generating 
parity  for  words  up  to  nine  bits  long.  Even  parity  is  indicated 
(IE  output  is  high)  when  an  even  number  of  data  inputs  is 
high.  Odd  parity  is  indicated  (IO  output  is  high)  when  an 
odd  number  of  data  inputs  is  high.  Parity  checking  for 
words  larger  than  9  bits  can  be  accomplished  by  tying  the 


IE  output  to  any  input  of  an  additional  HC/HCT280  parity 
checker. 

The  CD54HC280  and  CD54HCT280  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC280  and  CD74HCT280  are  supplied  in  14-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


 I 


Fig.  1  —  Logic  Diagram 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  I,K  (FOR  V,  -   -0.5  V  OR  V,     Vcc  +0.5V)    -20mA 

DC  OUTPUT  DIODE  CURRENT.  Iok  (FOR  V„  < -0  5  V  OR  V„  >  Vcc  *0  5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  V„  <  Vcc  ♦  0.5V)    +25mA 

DC  Vcc  OR  GROUND  CURRENT  (lCc)    i50mA 

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  T«  =  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/'C  to  300  mW 

For  Ta  -  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)      500  mW 

For  T,  =  +100  to  +  125°C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T,  =  +70  to  +125°  C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta) 

PACKAGE  TYPE  F.  H    -55  to +1 25°  C 

PACKAGE  TYPE  E,  M      -40  to +85°  C 

STORAGE  TEMPERATURE  (TSIg)   -65to+150"C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  i  1/32  in.  (1.59  *  0.79  mm)  Irom  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (mm.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  Vin,  Vout 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„  tr 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


Technical  Data 


CD54/74HC280 
CD54/74HCT280 


STATIC  ELECTRICAL  CHARACTERISTICS 


CO74HC280  CD54HC280 

CD74HCT28O/CD54HCT280 

CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/54HC 
SERIES 

74HC 
SERIES 

54HC 
SERIES 

TEST 
CONDITIONS 

74HCT/54HCT 
SERIES 

74HCT 
SERIES 

54HCT 
SERIES 

UNITS 

V, 

1. 

Vcc 

♦25°  C 

-40/ 
♦8S°C 

-55/ 
♦125°C 

V, 

Vcc 

♦25°  C 

-40/ 
+85°  C 

-55/ 
♦125°C 

V 

mA 

V 

Mln 

T»P 

Mil 

Min 

Mai 

Mln 

Max 

V 

V 

Mln 

Typ 

Man 

Mln 

Max 

Mln 

Max 

High-Level 

2 

1.5 

1.5 

1.5 

4.5 

Input  Voltage  v„, 

4.5 

3  15 

3  15 

3.15 

to 

2 

2 

2 

V 

6 

42 

4.2 

4.2 

5.5 

Low-Level 

2 

0.5 

0.5 

0.5 

45 

Input  Voltage  Vlt 

4.5 

1.35 

1.35 

1.35 

to 

0.8 

08 

0.8 

V 

6 

1.8 

1.8 

1.8 

5.5 

High-Level 

Vu. 

2 

1.9 

1.9 

1.9 

V|L 

Output  Voltage  V„„ 

or 

-0.02 

45 

4.4 

4  4 

4.4 

or 

45 

44 

4.4 

4.4 

V 

CMOS  Loads 

v„ 

6 

5.9 

59 

59 

V„ 

V,L 

V|L 

TTL  Loads 

or 

-4 

4  5 

3.96 

3.84 

3.7 

or 

4.5 

398 

3.84 

3.7 

V 

V„, 

-52 

6 

548 

5.34 

5.2 

v,„ 

Low- Level 

Vu 

2 

0  1 

0.1 

0  1 

v,L 

Output  Voltage  Vol 

or 

002 

4.5 

0  1 

0  1 

01 

or 

4.5 

0  1 

0.1 

0.1 

V 

CMOS  Loads 

v,„ 

6 

0  1 

0  1 

0.1 

v„ 

v» 

v» 

TTL  Loads 

or 

4 

4.5 

0.26 

0.33 

04 

or 

4.5 

026 

0.33 

0.4 

V 

Vi„ 

52 

6 

026 

033 

04 

v,„ 

Input  Leakage 
Current  1, 

Vrr 
or 
Qnd 

6 

to  1 

+1 

+1 

Any 
Voltage 
Between 

Vcc 
&  Grid 

5.5 

!0.1 

±1 

±1 

„A 

Quiescent 

Vcr 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

SO 

160 

(/A 

Current  lcc 

Qnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec' 

Vcc-2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

pA 

 1  1  1  1  1  I  1_ 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  Is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

ALL 

1 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 /jA  max.  @  25°  C. 


Technical  Data  

CD54/74HC280 
CD54/74HCT28 


SWITCHING  CHARACTERISTICS  (Vec  =  5  V,  TA  =  25°  C,  Input  t„t,=6  ns) 


CHARACTERISTIC 

CL 
(pF) 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay 

Any  Input  to  IO 

15 

tpHL 
tpLH 

17 

19 

ns 

Any  Input  to  ZE 

15 

tpHL 
tpLH 

17 

18 

ns 

Power  Dissipation  Capacitance* 

Cpd 

58 

58 

PF 

•Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
PD  =Vcc!  fi  (Cpd  +  CL)  where  f,  =  input  frequency, 

CL  =  output  load  capacitance. 
Vcc  =  supply  voltage 
SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„t,=6  ns) 


25 

>C 

-40°Cto+85° 

C 

-55°  C  to 

+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

200 

250 

300 

Any  Input  to  ZO 

tpHL 

4.5 

40 

45 

50 

56 

60 

68 

6 

34 

43 

51 

tpLH 

2 

200 

250 

300 

tpHL 

4.5 

40 

42 

50 

53 

60 

63 

ns 

6 

34 

43 

51 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

t-THL 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

I6_L 

J  14 

vcc 

XT-li- 

13 

is 

3 

NC  

12 

14 

4 

18  

13 

10 

12 

s 

11 

GND— — 

e 

10 

9JCS-36835RI 


92CS-384I2RI 


TERMINAL  ASSIGNMENT 


S4/74HC 

54/74HCT 

INPUT  LEVEL 

vcc 

3V 

SWITCHING  VOLTAGE,  Vs 

50*VCC 

1.3  V 

Fig.  2  —  Propagation  delay  and  transition  times. 
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Technical  Data 


CD54/74HC283 
CD54/74HCT283 


High-Speed  CMOS  Logic 


GND-  8 

93CS-40392 


4-Bit  Binary  Full  Adder  With  Fast  Carry 


Type  Features: 

■  Adds  two  binary  numbers 

■  Full  internal  lookahead 

■  Fast  ripple  carry  tor  economical  expansion 

■  Operates  with  both  positive  and  negative  logic 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC283  and  CD54/74HCT283  are  binary- 
full  adders  that  add  two  4-bit  binary  numbers  and  generate 
a  carry-out  bit  if  the  sum  exceeds  15. 

Because  of  the  symmetry  of  the  add  function,  this  device 
can  be  used  with  either  all  active-High  operands  (positive 
logic)  or  with  all  active-Low  operands  (negative  logic). 
When  using  positive  logic  the  carry-in  input  must  be  tied 
low  if  there  is  no  carry-in. 

The  CD54HC/HCT283  are  supplied  in  16-lead  hermetic 
dual-in-line  frit  seal  ceramic  packages  (F  suffix).  The 
CD74HC/HCT283  are  supplied  in  1 6-lead  dual-in-line  plastic 
packages  (E  suffix)  and  in  16-lead  dual-in-line  surface 
mount  plastic  packages  (M  suffix).  Both  types  are  also 
available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:    -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:    N,L  =  30%,  Nm  =  30%  of  Vcc 

@VCc  =  5V 
m   CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

Vil  =  0.8  V  Max.,  Vm  =  2  V  Min. 
CMOS  Input  Compatibility 

I,  <  J  iiA  @  Vol,  Voh 


S1  

1 

w — 

16 

—  VCC 

B1  

2 

15 

 B2 

A1  

3 

14 

  A2 

SO  

4 

13 

 S2 

AO  

BO  

9 
6 

12 
11 

 A3 

 83 

ClN  

7 

10 

 S3 

GND  

8 

9 

COUT 

TOP  VIEW 

92CS-4039I 


TERMINAL  ASSIGNMENT 
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CIK         AO  BO 

7Q  5< 


A1  61 


A2  62 


A3  63 


6ND  O 


VccO 

16 


COUT 


*  INVERTERS  ARE  CONNECTED  IN  THE  HCT  VERSION  I  HCT) 

**  CIRCUIT  CONNECTIONS  FOR  HC  VERSION  I  HC) 


t2CL-40393 


Fig.  1  -  Logic  diagram  for  HC/HC  T  types. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,„  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice):  ±50  m A 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

ForT*  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

For  TA=  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  Ta=  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H   -55  to  +125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°C 

STORAGE  TEMPERATURE  (T.,,)   -65  to  +150"C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°C 
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CD54/74HC283 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC283/CD54HC283 


CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

UNITS 

V, 
V 

k 

mA 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Vi 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Mai 

Mln 

Mai 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High- Level 

Input  Voltage  Vih 

2 

1.5 

1.5 

1.5 

4.5 

2 

- 

- 

2 

- 

2 

- 

y" 

4.5 

3.15 

- 

- 

3.15 

- 

3.15 

- 

6 

4.2 

4.2 

4.2 

Low- Level 

input  voltage  Vil 

2 

0.5 

0.5 

0.5 

- 

4.5 
to 

5.5 

0.8 

0.8 

0.8 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Levei 

Output  Voltage  Voh 
CMOS  Loads 

V,l 

v,« 

-0.02 

2 

1.9 

1.9 

1.9 

Vil 
Vih 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

4,4 

4.4 

6 

5.9 

5.9 

5.9 

TTL  Loads 

Vil 

or 

VlH 

V». 
or 
Vih 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 

or 

V|H 

0.02 

2 

0.1 

0.1 

0.1 

Vil 
or 
Vih 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,L 

or 

VlH 

V,L 

or 

V,H 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 

6 

±0.1 

±1 

±1 

Any 
Voltage 

5.5 

±0.1 

±1 

±1 

/.A 

Gnd 

Between 
Vcc  &  Gnd 

Quiescent 

Vcc 

Vcc 

Device  Current  Ice 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

fA 

Gnd 

Gnd 

Additional 
Quiescent  Device 

Vcc  -2.1 

4.5 

100 

360 

450 

490 

Current  per  input 

to 

5.5 

pin:  1  unit  load  Alec' 

CD74HCT283/CD54HCT283 


■For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  -  5.5  V)  specification  is  1.8  mA. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

Cin 

1.5 

B1,  A1,  AO 

1 

B0 

0.4 

B3,  A3,  A2,  B2 

0.5 

*  Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  fiA,  max.  @25°C. 
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CD54/74HC283 
CD54/74HCT283 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package-Temperature  Range)  Vco:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vco 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

•c 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times,  t„  t( 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

*  Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


SWITCHING  CHARACTERISTICS  (V0c  =  5V,T»  =  25"  C,  Input  t„  t,  =  6  ns) 


TYPICAL  VALUES 

CHARACTERISTIC 

CL 
(PF) 

UNITS 

HC 

HCT 

Propagation  Delay, 

Cin  to  SO 

tPLH,  tpHL 

15 

13 

13 

CIN  to  S1 

tpLH,  tpHL 

15 

15 

18 

CiN  to  S2 

tPLH,  tpHL 

15 

16 

19 

ns 

Cin  to  Cout 

tPLH,  tpHL 

15 

16 

19 

Cin  to  S3 

tpHL,  tpLH 

15 

19 

22 

An,  Bn  tO  CoUT 

tpHL,  tpLH 

15 

16 

20 

An,  B„  tO  S„ 

tpHL,  tpLH 

15 

18 

21 

Power  Dissipation  Capacitance  * 

Cpd 

70 

82 

PF 

*  Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Pd  =  Vcc2fi  (Cpd  +  Cl)  where:  f  =  input  frequency 

CL  =  output  load  capacitance 
Vcc  =  supply  voltage 
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CD54/74HCT283 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


LIMITS 

TEST 

25  C 

-40°  C  to  +85°  C 

-55°Cto  +125"  C 

CHARACTERISTIC 

CONDITION 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Vcc 

V 

Min. 

Max. 

Mln. 

Max. 

Min. 

Max 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Prnnsinatinn 

*PLH 

2 



160 



_ 

_ 

200 

_ 

— 

240 

— 

_ 

Delay 

4.5 

— 

32 



31 



40 

— 

39 

— 

48 

_ 

47 

Cin  to  SO 

6 

_ 

27 

_ 





34 







41 





TPLH 

2 



180 







225 





— 

270 





did  to  551 

WIN  IV  1 

tpHL 

4.5 



36 



43 



45 



54 

— 

54 

— 

65 

6 

_ 

31 

_ 





38 







46 





OlN  lO  Ot, 

tpLH 

2 

_ 

195 

_ 

_ 

_ 

245 







295 





Cin  to  Cout 

tpHL 

4.5 

39 

_ 

46 



49 



58 



59 



69 

6 

33 

42 

50 

- 

j 

IPLH 

2 

230 

290 

345 

Cin  to  S3 

tpHU 

4.5 

46 

53 

58 

: 

66 

: 

69 

: 

80 

ns 

6 

39 

49 

59 

tpLH 

2 

195 

245 

295 

An,  Bn  tO  CoUT 

tpHL 

4.5 

39 

48 

49 

60 

59 

72 

6 

33 

42 

50 

tpLH 

2 

210 

265 

315 

An,  Bn  tO  Sn 

tPHL 

4.5 

42 

49 

53 

61 

63 

74 

6 

36 

45 

54 

Output 

tTLH 

2 

75 

95 

110 

Transition 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

Time 

6 

13 

16 

19 

Input 
Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Transition  and  propagation  delay  times. 
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File  Number  1852 


High-Speed  CMOS  Logic 


B   

1 

16 

— vcc 

A   

2 

15 

—  c 

ENCTR   

3 

14 

  0 

KCp   

4 

13 

 **2 

l/DCp   

5 

12 

 ECPDOUT 

O/Ti  

6 

11 

  XORPDouT 

""out  

7 

10 

  *8 

GND   

8 

9 

  *A, 

TOP  VIEW 

92CS- 

40447 

TERMINAL  ASSIGNMENT 


Digital  Phase-Locked-Loop  Filter 

Type  Features: 

■  Digital  design  avoids  analog  compensation  errors 

■  Easily  cascadable  for  higher  order  loops 

■  Useful  frequency  range: 

DC  to  55  MHz  typical  {k-clock) 
DC  to  35  MHz  typical  (l/D-clock) 

■  Dynamically  variable  bandwidth 

■  Very  narrow  bandwidth  attainable 
•  Power-on  reset 

■  Output  capability: 

Standard  -  XORPDout,  ECPDout 
Bus  driver  -  //Dour 


The  RCA-CD54/74HC/HCT297  are  high-speed  silicon-gate 
CMOS  devices  that  are  pin-compatible  with  low  power 
Schottky  TTL  (LSTTL). 

These  devices  are  designed  to  provide  a  simple,  cost- 
effective  solution  to  high-accuracy,  digital,  phase-locked- 
loop  applications.  They  contain  all  the  necessary  circuits, 
with  the  exception  of  the  divide-by-N  counter,  to  build  first- 
order  phase-locked-loops. 

Both  EXCLUSIVE-OR  (XORPD)  and  edge-controlled  phase 
detectors  (ECPD)  are  provided  for  maximum  flexibility.  The 
input  signals  for  the  EXCLUSIVE-OR  phase  detector  must 
have  a  50%  duty  factor  to  obtain  the  maximum  lock-range. 

Proper  partitioning  of  the  loop  function,  with  many  of  the 
building  blocks  external  to  the  package,  makes  it  easy  for 
the  designer  to  incorporate  ripple  cancellation  (see  Fig.  2) 
or  to  cascade  to  higher  order  phase-locked-loops. 

The  length  of  the  up/down  K-counter  is  digitally 
programmable  according  to  the  K-counter  function  table. 
With  A,  B,  C  and  D  all  LOW,  the  K-counter  is  disabled.  With 
A  HIGH  and  B,  C  and  D  LOW,  the  K-counter  is  only  three 
stages  long,  which  widens  the  bandwidth  or  capture  range 
and  shortens  the  lock  time  of  the  loop.  When  A,  B,  C  and  D 
are  all  programmed  HIGH,  the  K-counter  becomes 
seventeen  stages  long,  which  narrows  the  bandwidth  or 
capture  range  and  lengths  the  lock  time.  Real-time  control 
of  loop  bandwidth  by  manipulating  the  A  to  D  inputs  can 
maximum  the  overall  performance  of  the  digital 
phase-locked-loop. 

The  CD54/74HC/HCT297  can  perform  the  classic  first- 
order  phase-locked-loop  function  without  using  analog 
components.  The  accuracy  of  the  digital  phase-locked- 
loop  (DPLL)  is  not  affected  by  VCC  and  temperature 
variations  but  depends  solely  on  accuracies  of  the  K-clock 
and  loop  propagation  delays. 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HCICD74HC  Types: 

2to6V  Operation 
High  Noise  Immunity: 

W,l  =  30%,  W,h  =  30%  Of  Vcc:  @Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max.,  Vm  =  2V  Min. 
CMOS  Input  Compatibility 
/,  <  7  fjA@  VOL,  Voh 


KCP  - 
D/U- 


MOOULO-  K 
COUNTER 


I/OCP- 


l/D 
CKT. 


-I/D0UT 


♦  »1- 


♦  A2- 


■ XORPDOUT 


ECPDOUT 


FUNCTIONAL  DIAGRAM 


356 


Technical  Data 


CD54/74HC297 
CD54/74HCT297 


The  phase  detector  generates  an  error  signal  waveform 
that,  at  zero  phase  error,  is  a  50%  duty  factor  square  wave. 
At  the  limits  of  linear  operation,  the  phase  detector  output 
will  be  either  HIGH  or  LOW  all  of  the  time  depending  on  the 
direction  of  the  phase  error  (0IN  -  0OUT).  Within  these 
limits  the  phase  detector  output  varies  linearly  with  the 
input  phase  error  according  to  the  gain  Kd,  which  is 
expressed  in  terms  of  phase  detector  output  per  cycle  or 
phase  error.  The  phase  detector  output  can  be  defined  to 
vary  between  ±  1  according  to  the  relation: 

%HIGH  -  %LOW 

phase  detector  output  =   

100 

The  output  of  the  phase  detector  will  be  Kmft,,  where  the 
phase  error 

tpe  ~  0IN  _  0OUT- 

EXCLUSIVE-OR  phase  detectors  (XORPD)  and  edge- 
controlled  phase  detectors  (ECPD)  are  commonly  used 
digital  types.  The  ECPD  is  more  complex  than  the  XORPD 
logic  function  but  can  be  described  generally  as  a  circuit 
that  changes  states  on  one  of  the  transitions  of  its  inputs. 
The  gain  (Kd)  for  an  XORPD  is  4  because  its  output  remains 
HIGH  (XORPDout  =  1)  for  a  phase  error  of  V4  cycle. 

Similarly,  Kd  for  the  ECPD  is  2  since  its  output  remains 
HIGH  for  a  phase  error  of  \k  cycle.  The  type  of  phase 
detector  will  determine  the  zero-phase-error  point,  i.e.,  the 
phase  separation  of  the  phase  detector  inputs  for  a  </>, 
defined  to  be  zero.  Forthe  basic  DPLL  system  of  Fig.  3,  0,  = 
0  when  the  phase  detector  output  is  a  square  wave. 

The  XORPD  inputs  are  %  cycle  out-of-phase  for  zero  phase 
error.  For  the  ECPD,  <pa  =  0  when  the  inputs  are  %  cycle  out 
of  phase. 


The  phase  detector  output  controls  the  up/down  input  to 
the  K-counter.  The  counter  is  clocked  by  input  frequency 
Mfc  which  is  a  multiple  M  of  the  loop  center  frequency  fc. 
When  the  K-counter  recycles  up,  it  generates  a  carry  pulse. 
Recycling  while  counting  down  generates  a  borrow  pulse.  If 
the  carry  and  the  borrow  outputs  are  conceptually  combined 
into  one  output  that  is  positive  for  a  carry  and  negative  for  a 
borrow,  and  if  the  K-counter  is  considered  as  a  frequency 
divider  with  the  ratio  Mfc/K,  the  output  of  the  K-counterwill 
equal  the  input  frequency  multiplied  by  the  division  ratio. 
Thus  the  output  from  the  K-counter  is  (Kd0»Mfc)/K. 

The  carry  and  borrow  pulses  go  to  the  increment/decrement 
(l/D)  circuit  which,  in  the  absence  of  any  carry  or  borrow 
pulses  has  an  output  that  is  Vfe  of  the  input  clock  (I/Dcp).  The 
input  clock  is  just  a  multiple,  2N,  of  the  loop  center 
frequency.  In  response  to  a  carry  of  borrow  pulse,  the  l/D 
circuit  will  either  add  or  delete  a  pulse  at  I/D0ut.  Thus  the 
output  of  the  l/D  circuit  will  be  Nfc  +  (Kd0.Mfc)/2K. 

The  output  of  the  N-counter  (or  the  output  of  the  phase- 
locked-loop)  is  thus: 

fe=%*  (Kd0oMfc)/2KN. 

If  this  result  is  compared  to  the  equation  for  a  first-order 
analog  phase-locked-loop,  the  digital  equivalent  of  the  gain 
of  the  VCO  is  just  Mfc/2KN  or  fc/K  for  M  =  2N. 

Thus,  the  simple  first-order  phase-locked-loop  with  an 
adjustable  K-counter  is  the  equivalent  of  an  analog  phase- 
locked-loop  with  a  programmable  VCO  gain. 

The  CD54HC297  and  CD54HCT297  are  supplied  in  16-lead 
hermetic  dual-in-line  frit-seal  ceramic  packages  (F  suffix). 
The  CD74HC297  and  CD74HCT297  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface-mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


K  COUNTER  FUNCTION  TABLE 
(DIGITAL  CONTROL) 


FUNCTION  TABLE 
EXCLUSIVE-OR  PHASE  DETECTOR 


D 

C 

B 

A 

MODULO  (K) 

0Ai 

0B 

XORPD  OUT 

L 

L 

L 

L 

Inhibited 

L 

L 

L 

L 

L 

L 

H 

L 

H 

H 

L 

L 

H 

L 

2" 

H 

L 

H 

L 

L 

H 

H 

25 

H 

H 

L 

L 

H 

L 

L 

26 

L 

H 

L 

H 

27 

FUNCTION  TABLE 

L 

H 

H 

L 

EDGE-CONTROLLED  PHASE  DETECTOR 

L 

H 

H 

H 

29 

H 
H 
H 

L 

L 

L 
H 
L 

2io 

ECPD  OUT 

L 
L 

L 
H 

2" 

212 

H  orL 

HorL 

H 

H 

L 

H 

H 

q13 

HorL 

L 

H 

H 

L 

L 

2" 

No  Change 

H 

H 

L 

I  -i  I 

l« 

H  orL 

No  Change 

H 
H 

H 
H 

H 
H 

2" 

H  =  steady-state  high  level 

L  =  steady-state  low  level 

~\_  =  transition  from  high  to  low 
_T  =  transition  from  low  to  high 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC297/CD54HC297 

CD74HCT297/CD54HCT297 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 
mA 

Vcc 
V 

♦25°  C 

-40/ 
+85"  C 

-55/ 
*125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

Mln 

Tvd 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

M« 

High-Level 

Input  Voltage  V,H 

2 

1.5 

- 

- 

1.5 

— 

1.5 

— 

4.5 
to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3.15 

- 

3.15 

- 

6 

4.2 

- 

- 

4.2 

- 

4.2 

- 

Low-Level 

Input  Voltage  V,L 

2 

— 

- 

0.5 

- 

0.5 

- 

0.5 

4.5 
to 
5.5 

08 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  Voh 
CMOS  Loads 

V,L 
or 
V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

ViL 

or 

Vim 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

5.9 

5.9 

TTL  Loads 
Bus  Driver  and 
Standard  Output 

V,L 
or 
V,„ 

• 

l/D 

V,t 
or 
V,„ 

4.5 

3.98 

3.84 

3.7 

V 

-4 

-6 

4.5 

3.98 

3.84 

3.7 

-5.2 

-7.8 

6 

5.48 

5.34 

5.2 

Low-Level 
Output  Voltage  Va. 
CMOS  Loads 

V|L 

or 
V,„ 

0.02 

2 

0  1 

0.1 

0.1 

V,L 
or 

V|H 

4.5 

- 

- 

0.1 

- 

0.1 

- 

0.1 

V 

4.5 

0  1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 
Bus  Driver  and 
Standard  Output 

Vit 
or 

V,H 

# 

l/D 

ViL 

or 
V,„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

6 

4.5 

0.26 

0.33 

0.4 

5.2 

7.8 

6 

0  26 

0,33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

«A 

Quiescent 

Device  Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

Additional 
Quiescent  Device 
Current  per  input 
pin:  1  unit  load  Alec" 

Vcc  -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

•  For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 

#  XORPD,  ECPO 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS  * 

ENcth,  D/U 
A,  B,  C,  D,  KCp,  0A2 
l/Ocp,  0A,,  0B 

0.3 
0.6 
1.5 

'  Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  M  max.  @25°C. 
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PRE  REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

CHARACTERISTIC 

25 

•c 

40°  C  to +85° 

c 

-55°Cto 

+125° 

C 

UNITS 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Min. 

Max 

Max. 

Max 

Min 

Max 

Maximum  Clock 

2 

6 

5 

4 

Frequency 

'max 

4  5 

30 

30 

24 

24 

20 

20 

MHz 

KCP 

g 

35 

— 

— 

28 

— 

24 

— 

— 

1/DCP 

2 

4.5 
6 

4 
20 
24 

_ 

_ 
20 

_ 

3 
16 
19 





1 6 

2 

13 
15 





lo 



MHz 

Clock  Pulse  Width 

2 

80 

100 

120 

4.5 

16 

16 

20 

20 

24 

24 

ns 

KCP 

D 

14 

17 

20 

2 

125 

155 

190 

1/DCp 

4.5 

25 

25 

31 

31 

38 

38 

ns 

6 

21 

26 

32 

Setup  Time 

2 

100 

125 

150 

D/U,  ENCTB  to  KCP 

4.5 

20 

20 

25 

25 

30 

30 

ns 

6 

17 

21 

26 

Hold  Time 

2 

0 

0 

0 

D/D,  ENCTntO  Kcp 

4.5 

0 

0 

0 

0 

0 

0 

ns 

6 

0 

0 

0 

SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


LIMITS 

CHARACTERISTIC 

25 

>c 

-40°Cto  +85°  C 

-5S°Cto  +125°C 

UNITS 

^cc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay,  tPLH 

2 

175 

220 

265 

I/Dcp  to  I/Dout  tPHL 

4.5 

35 

35 

44 

44 

53 

53 

6 

30 

34 

43 

2 

150 

190 

225 

0Ai,0Bto  XORPDOUT 

4.5 

30 

30 

38 

38 

45 

45 

6 

26 

33 

38 

2 

200 

250 

300 

0B,  <p-A2  to  ECPD0UT 

4.5 

40 

40 

50 

50 

60 

60 

ns 

6 

34 

43 

51 

Output  Transition  Time 

2 

75 

95 

110 

XORPDOUT.  tTLH 

4.5 

15 

15 

19 

19 

22 

22 

ECPD0UT  Vh 

6 

13 

16 

19 

2 

60 

75 

90 

l/DOUT 

4.5 

12 

12 

15 

15 

18 

18 

6 

10 

13 

15 

Input  Capacitance  C, 

10 

10 

10 

10 

10 

10 

pF 
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MODULO-K  COUNTER 


CONTROL  CIRCUIT 

14    13   12    II    10    9     8     7     6     5     4     3     2  1 


nTTTTTTTTT 

V  / 

TO  MODE  CONTROLS  C-felH  STAGES  NOT  SHOWNI 


ENCTR 


ID 

d  a 

T  FF1 
M 


 c 


M  Q  -i  0 
T    FF1    HIT  FF 


RD 

IT 


"cpOh> 


INCREMENT/  DECREMENT  CIRCUIT 


1 — 10  0 
CP  FF 


D  0 
CP  FF 
Q 


D  Q 
CP  FF 


D  0 
CP  FF 
3 


D  0 
CP  FF 


0 

CP  FF 


<£>  :  rOH>o  "DouT 


CP  FF 

51 — I 


J 

0 

CP 

FF 

K 

0 

♦  A,0  [> 


+  *2 


EXCLUSIVE-OR  PHASE  DETECTOR 


EDGE-CONTROLLED  PHASE  DETECTOR 


-O  OECPD0UT 


9ZCL-40458 


Fig.  1  -  Logic  diagram. 
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'out 
♦  out 


♦  in" 


D/U 


ENCTR 


01 VI  D  E -BY-K 
COUNTER 


XORPDout 


n 


♦«2 


J  Q 
ECPO 


DIVIDE-BY-N 
COUNTER 


—    I/D  CIRCUIT 


MfC— 


♦  IN 


9ZCS-40457 


♦out 


D/U 


DIVIDE-BY-K 
COUNTER 


"OUT 


DIVIDE-BY-N 
COUNTER 


l/D  CIRCUIT 


l/Dcp 


I/OOUT 


-2Nfc 


92CS-404  56 


Fig.  2  -  DPLL  using  both  phase  detectors  in  a  ripple-cancellation 
scheme. 


Fig.  3  -  DPLL  using  EXCLUSIVE-OR  phase  detection. 


CARRY  PULSE 
(INTERNAL  SIGNAL) 


BORROW  PULSE 
(INTERNAL  SIGNAL) 


"Da.."."  Tjmjirinnjuii?njuijuij¥ijum[uuir 
i/oout  output  Ji_n_n  ruji_ri_n_n_n_JUL_n_ 


92CS-40449 


Fig.  4  -  Timing  diagram:  //Doux  in-lock  condition. 


n_ 


92CS-40450 


Fig.  5 -Timing  diagram:  edge-controlled  phase  comparator        Fig.  6- Timing  diagram:  EXLUSIVE-OR  phase  detector 
waveforms.  waveforms. 
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l/Dcp 


I  Ik-  _*"L|  ""'"'phi- 

'PLH^I       =  1 

I/DOUT  jj 

•tlh-^  r*     *■  «-'thl 


A?ur\—r~\- 
!  r 


92CS-  40452 


«f>B  INPUT 


*A,  INPUT  -  - 


OUT 


XORPD 
OUTPUT 

'PLK* 


'tlh-» 

1 

- 

Jl 
t 

^*~'PLM 

•thl-*- 

92CS- 40454 


Fig.  7  -  Waveforms  showing  the  clock  (//0Cp)  to  output  (l/Dovi) 
propagation  delays,  clock  pulse  width,  output  transition 
times  and  maximum  clock  pulse  frequency. 


Fig.  8  ■  Waveforms  showing  the  phase  input  (#B,  <pA,)  to  output 
(XORPDout)  propagation  delays  and  output  transition 
times. 


*B  input 


+A2  INPUT 


'PHL- 


1- 


r\ 


"-'PLH 


X 


"*THL 
92CS-40455 


•m- 


D/U,ENCTR 
INPUT 


J, 


MAX 

92CS-40453 

NOTE:    THE  SHADED  AREAS  INDICATE  WHEN  THE 
INPUT  IS  PERMITTED  TO  CHANGE  FOR 
PREDICTABLE  OUTPUT  PERFORMANCE. 


Fig.  9  -  Waveforms  showing  the  phase  input  (0B,  <pAz)  to  output 
(E CPDom)  propagation  delays  and  output  transition  times. 


Fig.  10-  Waveforms  showing  the  clock  (Kcp)  pulse  width  and 
maximum  clock  pulse  frequency,  and  the  input  (DID, 
EA/ctr)  to  clock  (Kcp)  set-up  and  hold  times. 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 
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High-Speed  CMOS  Logic 


so  

1 

20 

.  vcc 

OE1  

2 

19 

  S  1 

OE2  

3 

18 

  OST 

l/06   

4 

tr 

 07 

I/O,   

5 

16 

  l/07 

l/02   

e 

15 

  l/05 

l/00  

7 

14 

  1  /03 

00   

8 

13 

  1/01 

MR   

9 

12 

  CP 

GND  

10 

11 

  OSO 

92CS 

36837 

8-Bit  Universal  Shift  Register;  3-State 


Type  Features: 

■  Four  Operation  Modes:  Shift  Left,  Shift  Right,  Load  and  Store 

■  Can  be  cascaded  for  N-bit  word  lengths 

■  l/Oo-l/Ov  bus  drive  capability  and  3-state  for 

bus  oriented  applications 

■  Buffered  inputs 

■  Typical  fMAx=50  MHz  @  Vcc=5  V,  CL=15pF,  TA=25°C 


TERMINAL  ASSIGNMENT 


The  RCA-CD54/74HC299  and  CD54/74HCT299  are  8-bit 
shift/storage  registers  with  3-state  bus  interface  capability. 
The  register  has  four  synchronous-operating  modes  con- 
trolled by  the  two  select  inputs  as  shown  in  the  mode  select 
(SO,  S1 )  table.  The  mode  select,  the  serial  data  (DSO,  DS7) 
and  the  parallel  data  (I/O0-I/O7)  respond  only  to  the  low-to- 
high  transition  of  the  clock  (CP)  pulse.  SO,  S1  and  data 
inputs  must  be  one  set-up  time  prior  to  the  clock  positive 
transition. 

The  Master  Reset  (MR)  is  an  asynchronous  active  low  input. 
When  MR  output  is  low,  the  register  is  cleared  regardless  of 
the  status  of  all  other  inputs.  The  register  can  be  expanded 
by  cascading  same  units  by  tying  the  serial  output  (QO)  to 
the  serial  data  (DS7)  input  of  the  preceding  register,  and 
tying  the  serial  output  (Q7)  to  the  serial  data  (DSO)  input  of 
the  following  register.  Recirculating  the  (n  x  8)  bits  is  accom- 
plished by  tying  the  Q7  of  the  last  stage  to  the  DSO  of  the 
first  stage. 

The  3-state  input/output  l(/0)  port  has  three  modes  of 
operation: 

1 .  Both  output  enable  (OE1  and  OE2)  inputs  are  low  and 
SO  or  S1  or  both  are  low,  the  data  in  the  register  is 
presented  at  the  eight  outputs. 

2.  When  both  SO  and  S1  are  high,  I/O  terminals  are  in  the 
high  impedance  state  but  being  input  ports,  ready  for 
parallel  data  to  be  loaded  into  eight  registers  with  one 
clock  transition  regardless  of  the  status  of  OE1  and 
OE2. 

3.  Either  one  of  the  two  output  enable  inputs  being  high 
will  force  I/O  terminals  to  be  in  the  off-state.  It  is  noted 
that  each  I/O  terminal  is  a  3-state  output  and  an  CMOS 
buffer  input. 

The  CD54HC299  and  CD54HCT299  are  supplied  in  20-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC299  and  CD74HCT299  are  supplied  in  20-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  20-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 
m  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  ro  6  V  Operation 

High  Noise  Immunity: 

N,L=30%,  N,H=30%  of  Vcc:  @  Vcc=5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,l=0.8  V  Max.,  Vm=2  V  Min. 
CMOS  Input  Compatibility 

l,<1»A@  Vou  Voh 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   

DC  INPUT  DIODE  CURRENT,  In,  (FOR  V,  <  -0.5  V  OR  V,  >  VCc  +0.5V)  .  .  . 
DC  OUTPUT  DIODE  CURRENT,  lo«  (FOR  V„  <  -0.5  V  OR  V0  >  Vcc  +0.5V) 
DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V0  <  Vcc  +  0.5V) 

For  Q  Outputs   

For  I/O  Outputs   

DC  Vcc  OR  GROUND  CURRENT  (Ice)  

POWER  DISSIPATION  PER  PACKAGE  (Pb): 

For  T«  = -40  to +60°C  (PACKAGE  TYPE  E)   

For  T»  =  +60  to  +85°C  (PACKAGE  TYPE  E)   

For  T»  =  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)   

For  T»  =  +40  to  +125°C  (PACKAGE  TYPE  F,  H)   

For  T»  =  -40  to  +70°C  (PACKAGE  TYPE  M)  

For  T»  -  +70  to  +125°C  (PACKAGE  TYPE  M)   

OPERATING  TEMPERATURE  RANGE  (TA) 

PACKAGE  TYPE  F,  H  

PACKAGE  TYPE  E,  M   

STORAGE  TEMPERATURE  (T„s)   

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  +  1/32  in  (1.59  ±  0.79  mm)  from  case  for  10  s  max  

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only   

RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following 


-0.5  to  +  7  V 
...  ±20mA 
...  ±20mA 


±25mA 
±35mA 
.±70mA 


  500  mW 

Derate  Linearly  at  8  mW/°C  to  300  mW 

  500  mW 

Derate  Linearly  at  8  mW/°C  to  300  mW 

  400  mW 

.   Derate  Linearly  at  6  mW/°  C  to  70  mW 


55  to +1 25°  C 
-40  to  +85°  C 
65  to  +150°C 


+265°  C 
+300°  C 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:" 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature,  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times,  Mc 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

•Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

OEI  0E2 


Q  12 


BUS  LINE 

OUTPUTS 


7 

i/oo  O- 

6 

1/02  O- 
5 

l/04  o- 


i/06O- 
e 

STANDARD  OUTPUT    QO  O- 
I 

so  o- 


1/0 

3 -STATE 
OUTPUTS 


0  9 


3- STATE  CONTROL 


SHIFT 
REGISTER 


I/O 
3 -STATE 
OUTPUTS 


MODE  SELECTION 


-Ovc, 


13 

-O  I'Ol 

14 

-O  1/03 

BUS  LINE 

15 

OUTPUTS 

-O  IA>5 

16 

-O  "Or 

-O  07    STANDARD  OUTPUT 

19 

-O  SI 

92CM-36996RI 


364 


O  11      O  18 

DSO  DS7 

Fig.  1  —  Function  diagram. 


CD54/74HC299 
CD54/74HCT299 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC299/CD54HC299 

CD74HCT299/CD54HCT2M 

UNITS 

TEST 
CONDITIONS 

74HC/S4HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

S4HCT 
TYPE 

V, 
V 

h 

mA 

fee 
V 

♦25°  C 

-40/ 
♦»5°C 

-55/ 
•125° C 

V, 
V 

Vcc 
V 

.25°  C 

-40/ 
♦95°  C 

-55/ 
*125°C 

Mln 

Typ 

Max 

Mln 

Max 

Min 

Mm 

Mln 

Typ 

Mn 

Mln 

Max 

Mln 

Mai 

High-Level 

Input  Voltage  V,„ 

1.5 

- 

- 

1.5 

- 

1.5 

- 

- 

4.5 
to 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

3.15 

- 

- 

3.15 

- 

3  15 

- 

6 

4.2 

- 

- 

4.2 

- 

4.2 

- 

Low-Level 

Input  Voltage  V» 

2 

0.5 

0.5 

0.5 

- 

4.5 
to 

5.5 

- 

- 

0.8 

- 

0.8 

- 

08 

V 

4  5 

- 

1.35 

1.35 

1.35 

6 

1  fl 

1  8 

1  8 

High-Level 
Output  Voltage  vOM 
CMOS  Loads 

V,L 

or 

V,K 

-0.02 

2 

1.9 

1.9 

1.9 

V,u 
or 
Vim 

45 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

- 

- 

5.9 

- 

59 

- 

TTL  Loads 
Bus  Driver  and 
Standard  Output 

vrl 

or 
V,„ 

Qn 

I/On 

V«. 
or 

VlH 

45 

398 

3.84 

3.7 

V 

-4 

-6 

45 

398 

384 

3.7 

-5.2 

-7.8 

6 

548 

534 

5  2 

Low- Level 
Output.Voltage  Vc 
CMOS  Loads 

Vu. 
or 
V,„ 

0.02 

2 

0  1 

0.1 

0.1 

V|L 

or 
V,„ 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

01 

0.1 

TTL  Loads 
Bus  Driver  and 
Standard  Output 

V,L 

or 

V,H 

Qn 

I/On 

Vn 
or 
V,„ 

4.5 

0.26 

0.33 

0.4 

v 

4 

6 

4.5 

0.26 

0.33 

0.4 

5.2 

7.8 

6 

0.26 

0.33 

0  4 

Input  Leakage 
Current  1, 

Vcc 
or 
Qnd 

6 

±0  1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

55 

±0  1 

±1 

±1 

„A 

Quiescent  Device 
Current  lec 

v« 
or 
Ond 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

55 

8 

80 

160 

fA 

Additional 
Ouiescent  Device 
Current  per 
Input  Pin: 
1  Unit  Load  Alec- 

Vcc  -2  1 

4.5 
to 

5.5 

100 

360 

450 

490 

fA 

3-State 

Leakage 

Current 

V,L 
or 
V„ 

Vo= 
Vcc 

or  Gnd 

6 

±0.5 

±5 

±10 

V,L 
or 
V,„ 

5.5 

±0  5 

±5 

±10 

//A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  ■  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

S1,  MR 

0.25 

I/Oo-I/Ot 

0.25 

DS0,  DS7 

0.25 

SO,  CP 

0.6 

OE1 ,  OE2 

0.3 

'Unit  load  is  A  Ice  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  //A  max.  @  25° C. 


vcc 


SI 

20  Ol9 


0S7 
Q|8 


STANDARD 
OUTPUT 


07 

Ol7 


-  BUS   LINE  OUTPUTS- 


1/07 
Ol6 


1/05 
Ol5 


Iff 


Ei-  °  D7 
CL—  D  H 


Ol4 


OE 


°  05  ~C± 
D  R  —  CL 


I/O) 
Ql3 


CP  DSO 
QI2  OH 


OS-  I 


CL 
P 


Fig.  2  —  Logic  diagram. 

CL 


92CL-57003R2 


-o 


«  CL 

Rg.  3  —  Flip-Flop  detail  (D0-D7). 


MODE  SELECT-FUNCTION  TABLE 

REGISTER  OPERATING  MODES 


FUNCTION 

INPUTS 

REGISTER  OUTPUTS 

MR 

CP 

SO 

S1 

DSO 

DS7 

I/On 

00 

Q1  --- 

06 

Q7 

Reset  (Clear) 

L 

X 

X 

X 

X 

X 

X 

L 

L  --- 

L 

L 

Shift  Right 

H 

h 

I 

I 

X 

X 

L 

qo  --- 

q» 

q« 

H 

h 

I 

h 

X 

X 

H 

qo  --- 

qs 

Q6 

Shift  Left 

H 

1 

h 

X 

I 

X 

qi 

q2  --- 

q? 

L 

H 

h 

X 

h 

X 

qi 

q2 

q? 

H 

Hold  (do  nothing) 

H 

1 

I 

X 

X 

X 

qo 

q,  --- 

q. 

q7 

Parallel  Load 

H 

h 

h 

X 

X 

I 

L 

L  --- 

L 

L 

H 

h 

h 

X 

X 

h 

H 

H  --- 

H 

H 

000  , 


Technical  Data 


CD54/74HC299 
CD54/74HCT299 


MODE-SELECT  FUNCTION  TABLE 
3-STATE  I/O  PORT  OPERATING  MODE 


FUNCTION 

INPUTS 

INPUTS/OUTPUTS 

OE1 

OE2 

SO 

S1 

Qn  (Register) 

l/OO  -  -  -  I/07 

Read  Register 

L 

L 

L 

X 

L 

L 

L 

L 

L 

X 

H 

H 

L 

L 

X 

L 

L 

L 

L 

L 

X 

L 

H 

H 

Load  Register 

X 

X 

H 

H 

Qn  =  I/On 

I/On  =  Inputs 

Disable  I/O 

H 

X 

X 

X 

X 

(Z) 

X 

H 

X 

X 

X 

(Z) 

H  =  Input  voltage  high  level  X  =  Voltage  level  on  logic  status  don't  care 

h  =  Input  voltage  high  one  set-up  time  prior  clock  transition.  Z  =  Output  in  high  impedance  state. 

L  =  Input  voltage  low  level.  =  Low-to-high  clock  transition. 

I  -  Input  voltge  low  one  set-up  time  prior  clock  transition. 

q„  =  Lower  case  letter  indicates  the  state  of  the  referenced  output  one  set-up  time  prior  clock  transition. 
SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

CL 
(pF) 

TYPICAL  VALUES 

UNITS 

HC 

HCT 

Propagation  Delay 

Clock  to  I/O  Outputs  (Fig.  4) 

tpLH 
tpHL 

15 

17 

19 

ns 

Clock  QO  or  Q7  (Fig.  4) 

MR  to  Outputs  (Fig.  5) 

tpHL 

15 

17 

19 

Output  Enable  and  Disable  Times  (Fig.  6  &  7) 

tpZL,  tpZH 
tpLZ,  tpHZ 

15 

10,13,15 

10,13,15 

Power  Dissipation  Capacitance 

Cpd* 

150 

170 

pF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  register. 
PD=Cpd  Vcc*  fi  +  I  (C  Vcc2  fo)  where: 
f,=input  frequency  C=output  load  capacitance 

fo=output  frequency        vcc=supply  voltage 


Pre-requlslte  for  Switching  Function 


25' 

C 

-40°Cto  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Mln. 

Max. 

Mln. 

Max. 

Maximum  Clock 
Frequency 

f  MAX 

2 

4.S 
6 

6 
30 
35 

25 

5 
25 
29 

20 

4 

20 
23 

16 

MHz 

MR"  Pulse  Width 

(Fig.  5) 

tw 

2 

4.5 
6 

50 
10 
9 

15 

65 
13 
11 

19 

75 
15 
13 

22 

Clock  Pulse  Width 
(Fig.  4) 

tw 

2 

4.5 
6 

80 
16 
14 

20 

100 
20 
17 

25 

120 
24 
20 

30 

Setup  Time 

DSO,  DS7,  I/On  to  Clock 
(Fig.  8) 

tsu 

2 
4.5 
6 

100 
20 
17 

20 

125 
25 
21 

25 

150 
30 
26 

30 

ns 

Hold  Time 

DSO,  DS7,  I/On,  SO,  S1 
to  Clock  (Fig.  8) 

tH 

2 

4.5 
6 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

Recovery  Time 
"MR  to  Clock 
(Fig.  5) 

tHEC 

2 

4.5 
6 

5 
5 
5 

5 

5 
5 
5 

5 

5 
5 
5 

5 

Setup  Time 
S1,S0to  Clock 

tsu 

2 

4.5 
6 

120 
24 
20 

27 

150 
30 
26 

34 

180 
36 
31 

41 

367 


CD54/74HC299 
CD54/74HCT299 


SWITCHING  CHARACTERISTICS  (C=50  pF,  Input  W,=6  ns) 


25°  C 

-40°Cto+85°C 

-55°Cto  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

— 

200 

— 

— 

— 

250 

— 

— 

— 

300 

— 

— 

Clock  to  I/O  Output 

tpHL 

4.5 

— 

40 

— 

45 

— 

50 

— 

56 

— 

60 

— 

68 

(Fig.  4) 

6 

— 

34 

— 

— 

— 

43 

— 

— 

— 

51 

— 

— 

Clock  to  QO  and  Q7 

2 

— 

200 

— 

— 

— 

250 

— 

— 

— 

300 

— 

— 

(Fig-  4) 

4.5 

— 

40 

— 

45 

— 

50 

— 

56 

— 

60 

— 

68 

6 

— 

34 

— 

— 

— 

43 

— 

— 

— 

51 

— 

— 

Propagation  Delay 

tpHL 

2 

— 

200 

— 

— 

— 

250 

— 

— 

— 

300 

— 

— 

MR  to  Output 

4.5 

— 

40 

— 

46 

— 

50 

— 

58 

— 

60 

— 

69 

(Fig.  5) 

6 

— 

34 

— 

— 

— 

43 

— 

— 

— 

51 

— 

— 

Output  High-Z  to 

tp2H 

2 

— 

155 

— 

— 

— 

195 

— 

— 

— 

235 

— 

— 

ns 

High  Level 

4.5 

— 

31 

— 

32 

— 

39 

— 

40 

— 

47 

— 

48 

(Fig.  6) 

6 

— 

26 

— 

— 

— 

33 

— 

— 

— 

40 

— 

— 

Output  High  Level 

tpHZ 

2 

— 

185 

— 

— 

— 

230 

— 

— 

— 

280 

— 

— 

to  High-Z 

4.5 

— 

37 

— 

37 

— 

46 

— 

46 

— 

56 

— 

56 

(Fig.  6) 

6 

— 

31 

— 

— 

— 

39 

— 

— 

— 

48 

— 

— 

Output  Low  Level 

tpLZ 

2 

— 

155 

— 

— 

— 

195 

— 

— 

— 

235 

— 

— 

to  High-Z 

4.5 

— 

31 

— 

32 

— 

39 

— 

40 

— 

47 

— 

48 

(Fig.  7) 

6 

26 

33 

40 

Output  High-Z 

tpZL 

2 

130 

165 

195 

to  Low  Level 

4.5 

26 

30 

33 

38 

39 

45 

(Fig.  7) 

6 

22 

28 

33 

Output  Transition  Time 

tTLH 

2 

75 

95 

110 

QO,  Q7 

trm. 

4.5 

15 

15 

19 

19 

22 

22 

(Fig.  9) 

6 

13 

16 

19 

l/Oo  to  l/Cv 

2 

60 

75 

90 

(Fig.  9) 

4.5 

12 

12 

15 

15 

18 

18 

6 

10 

13 

15 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

3-State  Output 

C„ 

20 

20 

20 

20 

20 

20 

pF 

Capacitance 

Technical  Data 
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INPUT  LEVEL  

CP 


I/On,QO  OR  Q7 

~A  'PHL 


INPUT   LEVEL - 


VS 


^_   CP  — - 


74/ 54  HC 

74/54  HC  T 

INPUT  LEVEL 

3V 

1.3  V 

92CS-3S997 

Fig.  4  —  Clock  pre-requisite  and  propagation  delays. 


i/on  ,QO   OR  Q7  Vj 


7-Vs 


V 


NPUT  LEVEL 


VfC 
56%vCc 


92CS-36998 


Fig.  5  —  Master  Reset  pre-requisite  and  propagation  delays. 


INPUT 
LEVEL 


LtVtL   k  r 

bTi  OROE2  vs'r  y 


ALL  OTHER  INPUTS 
TIEO  HIGH  OR  LOW 


OEI 
OR  - 
0E2 


"pOpF 


74/54  HC 

74/54  HCT 

INPUT  LEVEL 

vcc 

3V 

vs 

50%vcc 

1.3  V 

Vt 

raw  - 

V* 

90%  VCC 

90%  Vcc 

92CS-36999RI 

Fig.  6  —  3-state  propagation  delays. 


INPUT 
LEVEL 
OEI  OR  Oil 


'  PZL— •  k»- 


ALL  OTHER  INPUTS 
TIED  HIGH  OR  LOW 

\  I/On 


74/54  HC 

74/54  HCT 

INPUT  LEVEL 

VCC 

3V 

vs 

50  %VCC 

1.3  V 

Vt 

50  %  Vcc 

1.3V 

vw 

10%  Vcc 

10%  VCC 

Fig.  7  —  3-state  propagation  delays. 


INPUT  LEVEL  ■ 
OSO.  DSTORI/On 


"*s\  -j^s  vS/ 


vs 


-lh(H) 


74/  54  HC 

74/54  HCT 

INPUT  LEVEL 

VCC 

3  V 

vs 

50%VCC 

1.3V 

v, 

56  %  VCC 

1.3V 

Fig.  8  —  Data  pre-requisite  times. 


92CS-3700IRI 


VOH 

0 

vol 


T  L  90%        90%^  r- 


74/54  HC 

74/54  HCT 

INPUT  LEVEL 

VCC 

3V 

92CS  37002 

Fig.  9  —  Output  transition  times. 
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High-Speed  CMOS  Logic 


•E  FOR  354  OE2- 
CP  FOR  358  oe,_ 


92CS- 38863 


FUNCTIONAL  DIAGRAM 


8-lnput  Multiplexer/Register,  3-State 

CD54/74HC/HCT3S4  —  Transparent  Data  &  Select  Latches 
CD54/74HC/HCT356  —  Edge-Triggered  Data  Flip-Flops 
Transparent  Select  Latches 

Type  Features: 

■  Buffered  inputs 

■  3-State  Complementary  Outputs 

■  Bus  Line  Driving  Capability 

■  Typical  propagation  delay:  Vcc  =  51/,  CL  =  15  pF,  7"A  =  25°  C 
Data  to  Output  (354)  =  18  ns 

Clock  to  Output  (356)  =  22  ns 


The  RCA-CD54/74HC/HCT354  and  CD54/74HC/HCT356 
are  data  selectors/multiplexers  that  select  one  of  eight 
sources.  In  both  the  HC/HCT354  and  HC/HCT356  the  data 
select  bits  SO,  S1,  and  S2  are  stored  in  transparent  latches 
that  are  enabled  by  a  low  latch  enable  input,  LE. 

In  the  HC/HCT354  the  data  enable  input,  E,  controls 
transparent  latches  that  pass  data  to  the  outputs  when  E  is 
high  and  latches  in  new  data  when  E  is  low. 

In  the  HC/HCT356  the  data  is  stored  in  edge-triggered  flip- 
flops  that  are  triggered  by  a  low-to-high  clock  transition. 

In  both  types  the  three-state  outputs  are  controlled  by 
three  output-enable  inputs  OE1 ,  OE2,  and  OE3. 

The  CD54HC/HCT354/356  are  supplied  in  20-lead  ceramic 
dual-in-line  packages  (F  suffix).  The  CD74HC/HCT354/356 
are  supplied  in  20-lead  plastic  dual-in-line  plastic  packages 
(E  suffix).  The  CD54/74HC/HCT354/356  are  also  supplied 
in  chip  form  (H  suffix).  The  CD74HC/HCT354/356  are  also 
available  in  plastic  surface  mounted  packages  (M  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

m  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HCICD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity: 

NIL  =  30%,  W,h  =  30%  of  Vcc:  @Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

l/,L  =  0.8  V  Max.,  Vw  =  2  V  Min. 
CMOS  Input  Compatibility 

/,  <  r  iiA@  Vol,  Voh 


D7 

■ 

20 

vcc 

D6 

_2_ 

2S 

V 

DS 

V 

CM 

4 

17 

OEa 

D3 

J_ 

46 

OE2 

02 

J_ 

21 

D1 
DO 

7 

jr 

M 

u. 

so 

51 

* 

_^ 

12_ 

S3 

GND 

10 

fl 

LE 

*E  for  354 
CP  for  3S6 

TERMINAL  ASSIGNMENT 
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Technical  Data 
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E  HC/HCT354 
CP  HC/HCT356 


l 


92CS-3B864 


Block  Diagram 


TRUTH  TABLE 


Inputs 

Enable 

Clock 
'HC356 
'HCT3S6 

Select  # 

Data 
HC354 

Output 
Enables 

Outputs 

'HCT354 

S2 

S1 

SO 

E 

CP 

OE1  512  OE3 

Y 

Y 

Notes 

X 

X 

X 

X 

X 

H 

X 

X 

Z 

Z 

H  -  high  level  (steady  state) 

L  =  low  level  (steady  state) 

X 

X 

X 

X 

X 

X 

H 

X 

z 

Z 

X  =  irrelevant  (any  input,  including  transitions) 

X 

X 

X 

X 

X 

X 

X 

L 

z 

z 

Z  =  high-impedance  state  (off  state) 

L 

L 

L 

L 

H  or  L 

L 

L 

H 

DO 
D0„ 

DO 

transition  from  low  to  high  level 
DO  ...  D7  =  the  level  of  steady-state  inputs  at  inputs  DO  through  D7, 

L 

L 

L 

H 

L 

L 

H 

D0„ 

respectively,  at  the  time  of  the  low-to-high  clock  transition  in 

L 

L 

H 

L 

L 

L 

H 

D1 

D1 

the  case  of  HC356 

L 

L 

H 

H 

HorL 

L 

L 

H 

D1„ 

D1„ 

D0„  ...  D7„  =  the  level  of  steady  state  inputs  DO  through  D7.  respectively. 

before  the  most  recent  low-to-high  transition  of  data  control 

L 

H 

L 

L 

L 

L 

H 

D2 

D2 

or  clock   

L 

H 

L 

H 

H  orL 

L 

L 

H 

D2„ 

D2„ 

#  This  column  shows  the  input  address  setup  with  LE  low 

L 

H 

H 

L 

L 

L 

H 

D3 

D3 

L 

H 

H 

H 

HorL 

L 

L 

H 

D3„ 

D3„ 

H 

L 

L 

L 

L 

L 

H 

D4 

D4 

H 

L 

L 

H 

HorL 

L 

L 

H 

D4„ 

D4„ 

H 

L 

H 

L 

L 

L 

H 

D5 

DS 

H 

L 

H 

H 

HorL 

L 

L 

H 

b 

D5„ 

H 

H 

L 

L 

L 

L 

H 

D6 

D6 

H 

H 

L 

H 

HorL 

L 

L 

H 

D6„ 

D6„ 

H 

H 

H 

L 

L 

L 

H 

D7 

D7 

H 

H 

H 

H 

HorL 

L 

L 

H 

D7„ 

D7„ 
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Technical  Data 
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(  7,6,  S,4\  | 


_11 


0->— f>i-t>—  L 


HC/HCT356  Logic  Diagram 


373 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (V„) 

(Voltages  referenced  to  ground)    -0.5  to  +7V 

DC  INPUT  DIODE  CURRENT.  I*  (FOR  V,  <  -0  5  V  OR  V,  >  Vcc  4  0.5V)    +20mA 

DC  OUTPUT  DIODE  CURRENT.  lo«  (FOR  V,  < -0.5  V  OR  V,  >  0.5  V +VCC)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +  0.5V)    ±35mA 

DC  Vcc  OR  GROUND  CURRENT  (lCc)    ±70mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T«  =  -40  to  +60*C  (PACKAGE  TYPE  E)   500  mW 

For  T«  = +60  to +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T«  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°C  (PACKAGE  TYPE  M)  400  mW 

For  T«  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F.  H   -55to+125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T,„)   -65  to  +  150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package  Temperature  Range) 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+  125 

°c 

Input  Rise  and  Fall  Times  t„  t 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

•Un,ess  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC354/356/COS4HC354/356 

CD74HCT354/356/CD54HCT354/356 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 

mA 

Voc 
V 

+25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Min 

Typ 

Mai 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  VIH 

2 

1.5 

15 

1.5 

- 

4  5 
to 
55 

2 

- 

2 

- 

2 

- 

V 

45 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  Vlt 

2 

0.5 

0.5 

0.5 

- 

45 
to 

5.5 

- 

- 

0.8 

- 

08 

- 

08 

V 

4.5 

- 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  v„, 
CMOS  Loads 

v,t 

or 
v,„ 

-0  02 

2 

1.9 

1 .9 

1  9 

Vn 

or 
V,„ 

45 

4.4 

- 

- 

44 

- 

4  4 

- 

V 

4.5 

4.4 

- 

- 

4  4 

- 

4.4 

- 

6 

5.9 

59 

5  9 

TTL  Loads 
(Bus  Driver) 

vIL 

or 

V,H 

v» 

or 
V,„ 

45 

398 

- 

- 

384 

- 

37 

- 

V 

-6 

4.5 

398 

384 

37 

-7.8 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Wa 
or 
V„ 

002 

2 

0.1 

0  1 

0.1 

v„ 

or 

v,„ 

45 

- 

0  1 

0  1 

- 

0  1 

V 

45 

0  1 

0  1 

0.1 

6 

0  1 

0  1 

0.1 

TTL  Loads 
(Bus  Driver) 

v,L 

or 

v,„ 

w 

v,„ 

4.5 

026 

033 

04 

V 

6 

4.5 

026 

033 

0.4 

7.8 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  1, 

Voc 
or 
Gnd 

6 

10.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

±0.1 

+  1 

±1 

CA 

Quiescent 
Device 

Current  lcc 

Vcc 

or 
Gnd 

0 

6 

8 

80 

160 

Vcc 

or 
Gnd 

5.5 

8 

80 

160 

fA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  toad      ^  i^- 

Vcc-2.1 

4.5 

to 

5.5 

100 

360 

450 

490 

(jA 

3-State 
Leakage 

Current  loz 

v,t 

or 

V,„ 

V„  =  Vcc 
or 
Gnd 

6 

±0.5 

±5.0 

±10 

v,t 
or 
v,„ 

55 

±0.5 

±50 

±10 

■ 


'For  dual-supply  systems  theoretical  worst  case  (V.  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  mA. 
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HCT354  Input  Loading  Table 


Input 

Unit  Loads* 

D0-D7 

0.50 

SO,  S1.S3 

0.70 

OTl,  0"E2 

0.80 

OE3 

0.25 

LE 

0.25 

E 

0.60 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  j/A  max.  @  25°  C. 


HCT356  Input  Loading  Table 


Input 

Unit  Loads* 

D0-D7 

0.50 

SO,  S1,  S3 

0.70 

OE1,  OE2 

0.80 

OE3 

0.25 

LE 

0.25 

CP 

060 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  yuA  max.  @  25°  C. 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°  C,  Input  t„  t,  =  6  ns)  —  HC/HCT354 


CHARACTERISTIC 

Cl 
(PF) 

SYMBOL 

TYPICAL 

UNITS 

54/74HC 

54/74HCT 

Propagation  Delay 
Dn  — Y,  Y 

15 

tpLHi  tpHL 

18 

20 

ns 

E  — Y,  Y 

15 

tpLHi  tpHL 

21 

23 

ns 

Sn—  Y,  Y 

15 

tpLH,  tpHL 

22 

25 

ns 

LE  — Y,  Y 

15 

tpLH,  tpHL 

24 

25 

ns 

Output  Disabling  Time 

15 

tpLZ,  tpHZ 

13 

13,  16 

ns 

Output  Enabling  Time 

15 

tpZL,  tpZH 

12,  13 

14 

ns 

Power  Dissipation  Capacitance* 

CpD 

90 

92 

pF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  device. 
Pd  =Vcc'  fi  (Cpd  +  CL)  where: 
t  =  input  frequency, 
CL  =  output  load  capacitance. 
Vcc  =  supply  voltage 


PREREQUISITE  FOR  SWITCHING  FUNCTION  —  HC/HCT354 


25°  C 

-40°Cto+85° 

C 

-55°Cto 

+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

E  pulse  width 

2 

80 

100 

120 

tpLH 

4.5 

16 

16 

20 

20 

24 

24 

ns 

tpHL 

6 

14 

17 

20 

LE  pulse  width 

2 

80 

100 

120 

tpLH 

4.5 

16 

16 

20 

20 

24 

24 

ns 

tpHL 

6 

14 

17 

20 

Set  Up  Times 

2 

50 

65 

75 

Dn  — E 

tsu 

4.5 
6 

10 
9 

10 

13 
11 

13 

15 
13 

15 

ns 

2 

50 

65 

75 

Sn— LE 

tsu 

4.5 
6 

10 
9 

10 

13 
11 

13 

15 
13 

15 

ns 

Hold  Times 

2 

45 

55 

70 

Dn  —  E 

tx 

4.5 
6 

9 
8 

9 

11 
9 

11 

14 

12 

14 

ns 

2 

45 

55 

70 

Sn  — LE 

t„ 

4.5 

9 

9 

11 

11 

14 

14 

ns 

6 

8 

9 

12 
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SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  1„  I,  =  6  ns)  —  HC/HCT354 


25°  C 

-40°CtO  +85°  C 

-55°Cto+125°C 

PUADAPTCDICTir 

(.HAHACTEHISTIl* 

CVIIDHI 

VCc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNI  1  O 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpiH 

2 

210 

265 

31 5 

un      Y,  Y 

tpHL 

4.5 

42 

47 

53 

oy 

63 

71 

ns 

6 

36 

45 

54 

tpLH 
tpHL 

o 
e 

250 

315 

375 

  -  - 

E  -»Y,  Y 

4.5 

50 

54 

63 

68 

75 

81 

ns 

6 

43 

54 

64 

2 

390 



Sn     Y,  Y 

tpLH 
tPHL 

4.5 

52 

59 

65 

74 

78 

89 

ns 

c 
D 

44 

55 

66 

o 
c 

290 

365 

435 



LE  —  Y,  Y 

tpLH 
tpHL 

4.5 
6 

58 
49 

63 

73 
62 

79 

87 
74 

94 

ns 

Output  Disabling 

2 

- 

155 

- 

- 

195 

- 

- 

235 

Time 

4.5 

31 

33 

39 

41 

47 



50 

OEn  to  Y.  Y 

tpLZ 

6 

26 

— 

— 

33 

— 

— 

40 

ns 

tpHZ 

2 

155 

195 

235 

OE3  to  Y,  Y 

4.5 

— 

31 

— 

39 

— 

39 

— 

49 

— 

47 

— 

59 

6 

— 

26 

— 

— 

— 

33 

— 

— 

— 

40 

— 

— 

Output  Enabling 

2 

— 

150 

— 

— 

— 

190 

— 

— 

— 

225 

— 

— 

Time 

4.5 

30 

34 

38 

43 

45 

51 

OEn  to  Y,  Y 

tpZL 

6 

— 

26 

— 

— 

33 

— 

— 

38 

- 

ns 

tpZH 

2 

160 

200 

240 

OE3  to  Y.Y 

4.5 

32 

34 

40 

43 

48 

51 

6 

27 

34 

41 

Output 

Transition  Time 

tTLH 
tTHL 

2 

4.5 
6 

60 
12 
10 

12 

75 
15 
13 

15 

90 
18 
15 

18 

ns 

Input 

Capacitance 

c. 

10 

10 

10 

10 

10 

10 

pF 

3-state 

Output 

Co 

20 

20 

20 

20 

20 

20 

pF 

Capacitance 

SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25° C,  Input  tr,  t,  =  6  ns)  —  HC/HCT356 


CHARACTERISTIC 

CL 
(PF) 

SYMBOL 

TYPICAL 

UNITS 

54/74HC 

54/74HCT 

Propagation  Delay 
CP  — Y,  Y 

15 

tPLH.  tpHL 

22 

22 

ns 

Sn— Y.Y 

15 

tpLH.  tpHL 

22 

25 

ns 

LE  — Y,  Y 

15 

tpLH.  tpHL 

24 

25 

ns 

Output  Disabling  Time 

15 

tpLZ.  tpHZ 

13 

13,  15 

ns 

Output  Enabling  Time 

15 

tpZL,  tpZH 

12,  13 

14 

ns 

Power  Dissipation  Capacitance* 

Cpo 

51 

52 

PF 

'Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  device. 
Pd  =  Vcc2  t(CpD  +  CL)  where: 
f,  =  input  frequency. 
CL  =  output  load  capacitance. 
Vcc  -  supply  voltage. 
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PREREQUISITE  FOR  SWITCHING  FUNCTION  —  HC/HCT356 


25°  C 

-40°  C  to  +85° 

C 

55  C  to  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

CP  Pulse  Width 

2 

80 

100 

1 20 

tpLH 
tpHL 

4.5 

0 

16 
14 

— 

20 

— 

20 
17 

- 

25 

— 

24 
20 

- 

30 

— 

ns 

LE  Pulse  Width 

tpLH 
tpHL 

2 

80 

- 

- 

100 

120 

- 

4.5 
6 

16 
14 

20 

20 
17 

— 

25 

24 
20 

30 

ns 

Set  Up  Times 

2 

5 

5 

5 

Dn  CP 

tsu 

4.5 
6 

5 
5 

- 

7 

— 

5 
5 

- 

9 

5 
5 

- 

11 

— 

ns 

Sn  -**  LE 

tsu 

2 

4.5 
6 

5 
5 
5 

7 

5 
5 
5 

9 

5 
5 
5 

1 1 

ns 

Hold  I  imes 

2 

45 

55 

70 

Dn  -*i  CP 

th 

4.5 
6 

9 
8 

9 

11 
9 

11 

14 
12 

14 

ns 

2 

60 

75 

90 

Sn  — LE 

th 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 

SWITCHING  CHARACTERISTICS  (CL    50  pF,  Input  t„  t,  =  6  ns)  —  HC/HCT356 


25°  C 

-40°  C  to  +85°  C 

-55°Cto  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay: 

2 

255 

320 

385 

CP  — Y,Y 

tpLH 

4.5 

51 

51 

64 

64 

77 

77 

ns 

tpHL 

6 

43 

54 

65 

2 

260 

325 

390 

Sn— Y.  Y 

tpLH 

4.5 

52 

59 

65 

74 

78 

89 

ns 

tpHL 

6 

44 

55 

66 

2 

290 

365 

435 

LE  —  Y.  Y 

tpLH 

45 

58 

63 

73 

79 

87 

94 

ns 

tpHL 

6 

49 

62 

74 

Output  Disabling 

155 

195 

235 

Time 

31 

33 

39 

41 

47 

50 

OE1,OE2to  Y,Y 

*PL2 

2 

4.5 
6 

26 

33 

40 

ns 

OE3  to  Y.  Y 

tpHZ 

155 

195 

235 

31 

37 

39 

46 

47 

56 

26 

33 

40 

Output  Enabling 

150 

190 

225 

Time 

30 

34 

38 

43 

45 

51 

OE1.0E2  to  Y.Y 

tpZL 

2 

4.5 

26 

33 

38 

ns 

0E3  to  Y.  Y 

tpZH 

160 

200 

240 

6 

32 

34 

40 

43 

48 

51 

27 

34 

41 

Output 

Transition  Time 

tTLH 
tTHL 

2 
4.5 
6 

60 
12 
10 

12 

75 
15 
13 

15 

90 
18 
15 

18 

ns 

Input 

Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

3-state 

Output 

Co 

20 

20 

20 

20 

20 

20 

PF 

Capacitance 

Technical  Data 


CD54/74HC354,  CD54/74HCT354 
CD54/74HC356,  CD54/74HCT356 


NON- INVERTING 
OUTPUT  V 


•  PLH  " 


INPUT  LEVEL 


-PLH 

 VS 


*■  -A  'pzh  h — 

r90V.       1  / 


"'PHL 

92CS-36985R2 


>.    OUTPUTS  OUTPUTS  _ 

DISCONNECTED  CONNECTED 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

Fig.  1  —  Transition  limes  and  propagation  delay  limes. 


OTHER 
INPUTS 
TIED  HIGH 
OR  LOW 

OUTPUT 
DISABLE 


IC  WITH 
3  STATE 
OUTPUT 


OUTPUT  RL-ll.n  r„cc  FOR  I PLZ   AND  lp2L 
*"*  |gN0  FOR  lpHZ  AND  lpZH 


-t-AAAr-O  j 

TCL 

50  PF 


92CS-35I29RI 

Fig.  2  —  Three-state  propagation  delay  lest  circuit. 
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Technical  Data 


CD54/74HC365,  CD54/74HCT365 
CD54/74HC366,  CD54/74HCT366 


File  Number  1539 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM 
AND  TERMINAL  ASSIGNMENT 


Hex  Buffer/Line  Driver,  3-State 
Non-Inverting  and  Inverting 

Type  Features: 

■  Buffered  Inputs 

■  High  Current  Bus  Driver  Outputs 

■  Typical  Propagation  Delay  fpLH,  fpHL  =  8  ns  @  Vcc  =  5  V,  G.  =  J  5  pF, 

7V  =  25°C 


CD54/74HC36S, 


92CS-J7699 

HCT365 


The  RCA-CD54/74HC365/366  and  CD54/74HCT365/366 
silicon  gate  CMOS  3-STATE  buffers  are  general  purpose 
high  speed  non-inverting  and  inverting  buffers.  They  have 
high  drive  current  outputs  which  enable  high  speed 
operation  even  when  driving  large  bus  capacitances.  These 
circuits  possess  the  low  power  dissipation  of  CMOS 
circuitry,  yet  have  speeds  comparable  to  low  power  Schottky 
TTL  circuits.  Both  circuits  are  capable  of  driving  up  to  15 
low  power  Schottky  inputs. 

The  CD54/74HC,  HCT365  are  non-inverting  buffers, 
whereas  the  CD54/74HC,  HCT366  are  inverting  buffers. 
These  devices  have  two  3-State  control  inputs  (OE1  and 
OE2)  which  are  NORed  together  to  control  all  six  gates. 

The  CD54/74HCT365  and  CD54/74HCT366  logic  families 
are  speed,  function,  and  pin  compatible  with  the  standard 
54LS/74LS  logic  family. 

The  CD54HC365/366  and  CD54HCT365/366  are  supplied 
in  16-lead  hermetic  dual-in-line  packages  (F  suffix).  The 
CD74HC365/366  and  CD74HCT365/366  are  supplied  in  16- 
lead  dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead 
dual-in-line  surface  mount  plastic  packages  (M  suffix). 
Both  types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 
m  Wide  Operating  Temperature  Range: 
CD74HC/HCT:    -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

W,l  =  30%,  Wih  =  30%;  @  Vcc  =  5  V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max.,  Vm  =  2  V  Min. 
CMOS  Input  Compatibility 

f,  <  1  (iA  @  Vol,  V0h 

FUNCTIONAL  DIAGRAM 
AND  TERMINAL  ASSIGNMENT 


«CS-ST70O 


CD54/74HC366,  HCT366 


380 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 


DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  UK  (FOR  Vi  <  -0.5  V  OR  Vi  >  Vcc  +0.5  V)   ±20  mA 

DC  OUTPUT  CURRENT,  Iok  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)  ±35  mA 

DC  Vcc  OR  GROUND  CURRENT,  PER  PIN  (Ice):  ±70  mA 

POWER  DISSIPATION  PER  PACKAGE  (Pd): 

ForT*  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

For  Ta  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)  500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (Tsig)   -65  to +1 50°  C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


TRUTH  TABLES 


Input* 

Outputs 

OE1 

OE2 

A 

Y 

L 

L 

L 

L 

L 

L 

H 

H 

X 

H 

X 

Z 

H 

X 

X 

Z 

CD54/74HC,  HCT365 


CD54/74HC,  HCT366 


L  =  LOW  voltage  level 
H  =  HIGH  voltage  level 
X  =  Don't  Care 

Z  =  High  impedance  (off)  state 


Input* 

Outputs 

OEi 

OE2 

A 

Y 

L 

L 

L 

H 

L 

L 

H 

L 

X 

H 

X 

Z 

H 

X 

X 

Z 

ONE  OF  SIX  IDENTICAL  CIRCUITS 
I  1 


">o— r— Ovt^ 


i  j 

* 


T— OiT 


i — 02V 


i  03V 


I — O" 


-i  II 

'  05T 


I 

r 


INVERTER  NOT  INCLUDED  IN 
HC/HCT  365 


9ZCM-3770IRI 


Fig.  1  -  Logic  diagram  lor  the  HC/HCT365  and  HC/HCT366. 
(Outputs  lor  HC/HCT365  are  complements  of  those  shown, 
i.e.,  1Y,2Yetc.) 
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Technical  Data 


CD54/74HC365,  CD54/74HCT365 
CD54/74HC366,  CD54/74HCT366 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC36S/366/CDS4HC365/3S6 

C074HCT365/366/CD54HCT365/366 

OHAHACIbHtbltL. 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

S4HCT 
TYPE 

UNITS 

V, 

•o 

Vcc 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125° C 

V, 

Vcc 

♦25°  C 

-40/ 
+85°  C 

-55/ 
♦125°C 

V 

mA 

V 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

V 

V 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

2 

1.5 

— 

1.5 

— 

15 

— 

4.5 

Input  Voltage  V„ 

4.5 

3.15 

— 

3  15 

— 

3.15 

— 

to 

2 

- 

2 

— 

2 

- 

V 

6 

42 

— 

4.2 

— 

4.2 

— 

5.5 

Low-Level 

2 

— 

— 

0.5 

— 

0.5 

— 

0.5 

4.5 

Input  Voltage  V,L 

— 

— 

— 

1.35 

— 

1.35 

to 

— 

- 

0.8 

- 

0.8 

- 

0.8 

V 

6 

1 .8 

1.8 

1.8 

5  5 

High-Level 

Vii 

2 

1.9 

- 

1.9 

1.9 

Vil 

Output  Voltage  V<„ 

or 

-0.02 

4.5 

4.4 

- 

4.4 

- 

4.4 

- 

or 

4.5 

4.4 

- 

44 

- 

44 

- 

V 

CMOS  Loads 

v*  -. 

6 

5.9 

— 

- 

5.9 

- 

5.9 

— 

v,„ 

Vn 

V,L 

TTL  Loads 

-6 

4.5 

398 

3.84 

3.7 

or 

4.5 

3.98 

384 

37 

V 

(Bus  Driver) 

V|H 

-7.8 

6 

548 

5.34 

5.2 

V,M 

Low-Level 

2 

0.1 

0  1 

0  1 

Vil 

Output  Voltage  VOL 

or 

0.02 

4.5 

0.1 

0.1 

0.1 

or 

4.5 

0.1 

0.1 

0.1 

V 

CMOS  Loads 

v,„ 

6 

0  1 

0.1 

0.1 

v,„ 

v» 

v,L 

TTL  Loads 

or 

6 

4.5 

0.26 

033 

0.4 

or 

45 

026 

0.33 

04 

V 

(Bus  Driver) 

Vw 

7  8 

6 

0.26 

033 

04 

v,„ 

Input  Leakage 

Vcc 

Any 

Current  1, 

or 
Gnd 

6 

±0  1 

±1 

±1 

Voltage 
Between 
Vcc 
&  Gnd 

5.5 

±0.1 

+1 

±1 

fA 

Ouiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

SO 

160 

or 

5.5 

8 

80 

160 

>/A 

Current  lcc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load        A  Ice" 



Vcc-2.1 

4.5 
lo 

5.5 

100 

360 

450 

490 

pA 

3-State 
Leakage 

Current  l0z 

v» 

or 

v,„ 

V„  =  Vcc 
or 
Gnd 

6 

±0.5 

±5.0 

±10 

w» 

or 

V,„ 

5.5 

±0.5 

±5.0 

±10 

„A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA 

HCT  Input  Loading  Table 


Input 

Unit  Load*  * 

OE1 
All  Others 

0.6 
0.55 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart, 
e.g..  360  M  max.  @  25"C. 


Technical  Data 


CD54/74HC365,  CD54/74HCT365 
CD54/74HC366,  CD54/74HCT366 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCc:* 
CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Voc 

V 

Operating  Temperature  TA: 
CD74  Types 
CD54  Types 

-40 

-55 

+85 
+125 

°c 

Input  Rise  and  Fall  Times  t„  t, 
at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Cl  =  15  pF,  Ta  =  25°C,  Input  tr,  ti  =  6  n») 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

UNITS 

365 

366 

HC 

HCT 

HC 

HCT 

Propagation  Delay 

Data  to  Output 

tpHL 
tPLH 

8 

9 

9 

11 

ns 

Output  Enable  and  Disable  to  Outputs 


tpZH,  tpZL.  tpHZ,  tpLZ 

12 

14 

12 

14 

ns 

Power  Dissipation  Capacitance  * 

UPD 

40 

42 

40 

42 

pF 

*  Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  buffer. 

Pd  =  Vccafi  (Cpd  +  Cl)  where:  fi  =  input  frequency.    Cl  =  output  load  capacitance.    Vcc  =  supply  voltage. 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  tr,  11  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

VCC 

25°  C 

-40°Cto  +85° 

C 

-55°Cto+125 

>C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tPLH 

2 

105 

130 

160 

Data  to  Outputs 

tpHL 

4.5 

21 

25 

26 

31 

32 

38 

ns 

HC/HCT365 

6 

18 

22 

27 

Propagation  Delay 

tPLH 

2 

110 

140 

165 

Data  to  Outputs 

tpHL 

4.5 

22 

27 

28 

34 

33 

41 

ns 

HC/HCT366 

6 

19 

24 

28 

Propagation  Delay 

tpZH,  tpzL, 

2 

150 

190 

225 

Output  Enable  and 

4.5 

30 

35 

38 

44 

45 

53 

ns 

Disable  to  Outputs 

tpHZ,  tpLZ 

6 

26 

33 

38 

Output  Transition 

tTLH 

2 

60 

75 

90 

Time 

tlML 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 

Input  Capacitance 

c. 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

PF 

383 


9ZCS- 3  7702 


54/74HC 

54/74HCT 

Input  Level 

VCC 

3  V 

Switching  Voltage,  Vs 

50%  VCC 

1.3V 

Fig.  2  -  Transition  times  and  propagation  delay  times. 


OUTPUT  R(_  =  Ifcfl  rv 


OUTPUT  R(_  =  Ikfl  (Vcc  FOR  tpu  AND  lpZL 
GNO  FOR  Iphz  »ND  lpZH 


92CS-37034RI 


Fig.  3  -  Three-stage  propagation  delay  test  circuit. 


.Technical  Data 


File  Number  1538 

Advance  Information/ 
Preliminary  Data 


CD54/74HC367,  CD54/74HCT367 
CD54/74HC368,  CD54/74HCT368 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM 


Hex  Buffer/Line  Driver,  3-State 

Non-Inverting  and  Inverting 

Type  Features: 

■  Buffered  inputs 

■  High  current  bus  driver  outputs 

■  Two  independent  3-state  enable  controls 

■  Typical  propagation  delay  fPHL  tPLH  =  8  ns  @  Vcc  =  5  V,  CL  -  15  pF 


CD54/74HC367,  HCT367 

The  RCA-CD54/74HC367,  368  and  CD54/74HCT367,  368 
silicon  gate  CMOS  3-state  buffers  are  general-purpose 
high-speed  non-inverting  and  inverting  buffers.  They  have 
high  drive  current  outputs  which  enable  high-speed  opera- 
tion even  when  driving  large  bus  capacitances.  These 
circuits  possess  the  low  power  dissipation  of  CMOS  cir- 
cuitry, yet  have  speeds  comparable  to  low  power  Schottky 
TTL  circuits.  Both  circuits  are  capable  of  driving  up  to  15 
low  power  Schottky  inputs. 

The  CD54/74HC,  HCT367  are  non-inverting  buffers,  where- 
as the  CD54/74HC,  HCT368  are  inverting  buffers.  These 
devices  have  two  output  enables,  one  enable  (OE1 )  controls 
4  gates  and  the  other  (OE2)  controls  the  remaining  2  gates. 

The  CD54/74HCT367  and  CD54/74HCT368  logic  families 
are  speed,  function,  and  pin  compatible  with  the  standard 
54LS/74LS  logic  family. 

The  CD54HC367  and  CD54HCT367  are  supplied  in  16-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC367  and  CD74HCT367  are  in  16-lead  dual-in-line 
plastic  packages  (E  suffix),  also  in  16-lead  dual-in-line 
surface  mount  plastic  packages  (M  suffix).  Both  types  are 
also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HC  T:    -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 
High  Noise  Immunity: 

Nil  =  30%,  Nm  =  30%;  @Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8V  Max.,  V,H  =  2V  Min. 
CMOS  Input  Compatibility 

f.L,  lm  <  1  IJA  @  Vol,  Voh 

FUNCTIONAL  DIAGRAM 


9ZCS-1770S 


CD54/74HC368,  HCT368 


.  385 


Technical  Data 


CD54/74HC367,  CD54/74HCT367 
CD54/74HC368,  CD54/74HCT368 


MAXIMUM  RATINGS,  Absolute-Maximum  Values- 
DC  SUPPLY- VOLTAGE,  (V«): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  I,,  (FOR  V,< -0.5  V  OR  V,>VCC +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT.  I0K  (FOR  V„<  -0.5  V  OR  V„  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  VCc  -0.5V)    ±35mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±70mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40  to  -60°C  (PACKAGE  TYPE  E)    500  mW 

For  T,  =  +60  to  -85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -55  to  -100°  C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T«  =  -100  to  -125°C  (PACKAGE  type  F.  H)    Derate  Linearly  at  8  rnW'C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  T*  =  +70  to  +  125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING  TEMPERATURE  RANGE  (TA) 

PACKAGE  TYPE  F.  H  -55  to  +125°  C 

PACKAGE  TYPE  E,  M   «*>  to  +85°  C 

STORAGE  TEMPERATURE  (T„„)    -65tO+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1,59  mm)  with  solder  contacting  lead  tips  only   +300°C 


TRUTH  TABLES 


CD54/74HC,  HCT368 


L  =  LOW  voltage  level. 
H  =  HIGH  voltage  level. 
X  =  Don't  care. 

(Z)  =  High  impedance  (off)  state. 


Vcc 

QI6 


Inputs 

Outputs 

OE 

A 

Y 

L 

L 

L 

L 

H 

H 

H 

X 

(Z) 

CD54/74HC,  HCT367 

Inputs 

Outputs 

OE 

A 

Y 

L 

L 

H 

L 

H 

L 

H 

X 

(Z) 

-I  5 
I  Q2V 


I  03Y 


|  CHY 


 ,  13 


92CS-37706 


INVERTER  NOT  INCLUDED  IN 
HC/HCT  367 


-QIY 


Fig.  1  -  Logic  diagram  for  HC/HCT367  and  HC/HCT368. 

{Outputs  for  HC/HCT367  are  complements  of  those 
shown,  i.e.,  1Y,  2Y,  etc.). 


 Technical  Data 

CD54/74HC367,  CD54/74HCT367 
CD54/74HC368,  CD54/74HCT368 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD  74HC367/368/CD54HC 367/368 

C074HCT367/368/CD54HCT367/3$8 

UNITS 

TEST 
CONDITIONS 

74HC/S4HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

Ig 
mA 

Vcc 
V 

♦25°C 

-40/ 
♦65"  C 

-55/ 
♦  125°C 

V, 
V 

Vcc 
V 

•25°  C 

-40/ 
♦85°  C 

-55/ 
»125°C 

Mln 

Typ 

Max 

Mln 

Mai 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V.H 

2 

1.5 

- 

- 

1.5 

- 

1.5 

- 

4.5 
to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3.15 

- 

3.15 

- 

6 

4.2 

42 

4  2 

Low- Level 

Input  Voltage  V)L 

2 

- 

0  5 

0.5 

0.5 

4.5 
to 
55 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Vw 
CMOS  Loads 

v«. 

or 

Vim 

-0.02 

2 

19 

1.9 

1.9 

v.. 

or 

VlH 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4  4 

- 

- 

4.4 

- 

4.4 

- 

6 

5.9 

5.9 

5.9 

TTL  Loads 

(Bus  Driver) 

v,L 

or 
V,« 

V,L 
or 
V,„ 

4.5 

398 

3.84 

3.7 

V 

-6 

4.5 

398 

3.84 

3.7 

-7.8 

6 

5.48 

5.34 

5  2 

Low- Level 

Output  Voltage  V0L 
CMOS  Loads 

V,L 

or 

V|B 

0.02 

2 

0.1 

0.1 

0.1 

V,L 

or 

4.5 

0  1 

0.1 

V 

4.5 

0.1 

0  1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

(Bus  Driver) 

V,L 

or 
V,„ 

Vil 

V,H 

0.26 

0.33 

0.4 

V 

6 

4.5 

0.26 

0.33 

04 

78 

6 

0.26 

0.33 

04 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

Quiescent  Device 
Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

fA 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec* 

Vcc  -2-1 

4.5 
to 
55 

100 

360 

450 

490 

//A 

3-State 
Leakage 

Current  loz 

v,t 
or 
V,„ 

Vo= 
Vcc 
jrGnd 

6 

±0.5 

±5 

±10 

V,L 
or 
v,„ 

5.5 

±0.5 

±5 

±10 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  ■  5.5  V)  specification  is  1 .8  mA. 

HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

OE1 
ALL  OTHERS 

0.6 
0.55 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  /jA  max.  @  25°  C. 
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RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature  T»: 

CD74  Types 

-40 

+85 

"C 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t,,tt 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

SWITCHING  CHARACTERISTICS  (VCc=5  V,  C=15  pF,  TA=25°C,  Input  t„t,=6  ns) 


CHARACTERISTIC 

SYMBOL 

TYPICAL 

UNITS 

367 

368 

HC 

HCT 

HC 

HCT 

Propagation  Delay 

Data  to  Output 

tpHL 
tpLH 

8 

9 

9 

11 

ns 

Output  Enable  and  Disable  to  Outputs 

tpZH.  tpzL,  tpHZ,  tpLZ 

12 

14 

12 

14 

ns 

Power  Dissipation  Capacitance  " 

CpD 

40 

42 

40 

42 

PF 

*CpD  is  used  to  determine  the  dynamic  power  consumption,  per  buffer. 
PD  =VCC2  f-  (CPD  +  CL)  where: 
f,  =  input  frequency 
Cl  =  output  load  capacitance 
Vcc  -  supply  voltage 

SWITCHING  CHARACTERISTICS  (Cl=50  pF,  Input  tr,l.=6  ns) 


25°  C 

-40°  C  to  +85°  C 

-55°C  to  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tpLH 

2 

105 

130 

160 

Data  to  Outputs 

tPML 

4.5 

21 

25 

26 

31 

32 

38 

ns 

HC/HCT367 

6 

18 

24 

27 

Propagation  Delay 

tpLH 

2 

105 

130 

160 

Data  to  Outputs 

tpHL 

4.5 

21 

30 

26 

38 

32 

45 

ns 

HC/HCT368 

6 

18 

24 

27 

Propagation  Delay 
Output  Enable  &  Disable 
to  Outputs 

tpZH.  tpZL. 
tpHZ,  tpLZ 

2 

4.5 
6 

150 
30 
26 

35 

190 
38 
33 

44 

225 
45 
38 

53 

ns 

Output  Transition 

triH 

2 

60 

75 

90 

Time 

tTHL 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

pF 
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Technical  Data 


CD54/74HC367,  CD54/74HCT367 
CD54/74HC368,  CD54/74HCT368 


0EI.0E5 


OUTPUT 
LOW  TO  OFF 


— ■•—  tf*6ns 


OUTPUT  HISH 
TO  OFF 


OUTPUTS 
CONNECTED 


Vs 
10% 


 VS 


 90  1. 


OUTPUTS 
DISCONNECTED 


.  OUTPUTS 
CONNECTED 


92CS-37708 


Input  Level 

54/74HC 

54/74HCT 

VCC 

3  V 

Switching  Voltage,  Vs 

50%VC(? 

1.3  V 

Fig.  2  -  Transition  times  and  propagation  delay  times. 


[GNO  FOR  lpMZ  AND  1  PZH 


OUTPUT 
DISABLE 


92CS-37034RI 


Fig.  3  -  Three-state  propagation  delay  test  circuit. 


Technical  Data 


CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 


File  Number  1679 


High-Speed  CMOS  Logic 


92CS-3B583 

FUNCTIONAL  DIAGRAM 


Octal  Transparent  Latch,  3-State  Output 


Type  Features: 

■  Common  latch  enable  control 

■  Common  3-state  output  enable  control 

■  Buffered  inputs 

■  3-State  outputs 

■  Bus  line  driving  capacity 

■  Typical  propagation  delay  -  12  ns  @  Vcc  =  5  V,  CL  =15pF,  T*  =  25°  C 
(Data  to  Output  for  HC373) 


The  RCA  CD54/74HC373/573  and  CD54/74HCT373/573 
are  high  speed  Octal  Transparent  Latches  manufactured 
with  silicon  gate  CMOS  technology.  They  possess  the  low 
power  consumption  of  standard  CMOS  integrated  circuits, 
as  well  as  the  ability  to  drive  15  LSTTL  devices.  The 
CD54/74HCT373/573  are  functionally  as  well  as  pin 
compatible  with  the  standard  54/74LS373  and  573. 

The  outputs  are  transparent  to  the  inputs  when  the  latch 
enable  (LE)  is  high.  When  the  latch  enable  (LE)  goes  low  the 
data  is  latched.  The  output  enable  (OE)  controls  the  3-state 
outputs.  When  the  output  enable  (OE)  is  high  the  outputs 
are  in  the  high  impedance  state.  The  latch  operation  is 
independent  to  the  state  of  the  output  enable.  The  373  and 
573  are  identical  in  function  and  differ  only  in  their  pinout 
arrangements. 

The  CD54HC/HCT373/573  are  supplied  in  20  lead  ceramic 
dual-in-line  packages  (F  suffix).  The  CD74HC/HCT373/573 
are  supplied  in  a  20-lead  plastic  dual-in-line  plastic  package 
(E  suffix)  and  in  20-lead  surface  mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form 
(H  suffix). 

1  of  8  Identical  Circuits  Vcc 


LE 


Common  Controls 


-OOn 


LE  LE 


vss 


TEO  L>Jh>J      oe  ol 

OEO— 1>  1>— O  

Fig.  1  -  Logic  diagram. 


92CS-36584R1 


Family  Features: 

■  Fanout  [Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Phiiips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:  Nil  =  30%,  N,M  =  30%  ol  Vcc' 
@  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,l  =  0.8  V  Max.,  Vm  =  2  V  Min. 
CMOS  Input  Compatibility 

/,  <  7  pA@  Vol,  Voh 

TRUTH  TABLE 


Data 

Output 

Output 
Enable 

Latch 
Enable 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

I 

L 

L 

L 

h 

H 

H 

X 

X 

Z 

X  =  Don't  Care 

Z  =  High  Impedance  State 


Note: 

L  =  Low  voltage  level 
H  =  High  voltage  level 
I  =  Low  voltage  level  one  set-up  time  prior  to  the  high  to 

low  latch  enable  transition 
h  =  High  voltage  level  one  set-up  time  prior  to  the  high 

to  low  latch  enable  transition 
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Technical  Data 


CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 


DC  SUPPLY- VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  *7  V 

DC  INPUT  DIODE  CURRENT,  tm  (FOR  V,  <  -0.5  V  OR  V,  >  VCc  +0  5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT.  lo«  (FOR  V0  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   ±35  mA 

DC  Vcc  OR  GROUND  CURRENT,  (lcc):  ±70  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  •  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

ForT,  »  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)    500  mW 

ForT,  =  +100  to  +125°  C  (PACKAGE  TYPE  F.  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)  400  mW 

For  TA  »  +70  to  +  125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  F.  H   -55  to  +125°C 

PACKAGE  TYPE  E.  M  -40  to  *8S°C 

STORAGE  TEMPERATURE  (T„„)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

°C 

Input  Rise  and  Fall  Times,  t„  ti 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


OE  — 

^vcc 

oo^ 

-!!q7 

00-1 

3-D7 

4 

D1  — 

II  06 

-^-06 

02-1 

11  05 

7 

D2  — ■ 

±DS 

H  D4 

H  Q4 

■Ule 

OE 

1 

^vcc 

DO 

2 

iioo 

01 

_3_ 

■ioi 

02 

4 

2.  02 

03 

^03 

04 

e 

D5 

7 

—  Q5 

□6 

_8 

07 

_9_ 

-^Q7 

GND 

_^ 

-US 

CD54/74HC373,  CD54/74HCT373 
TERMINAL  ASSIGNMENT 


CD54/74HC573,  CD54/74HCTS73 
TERMINAL  ASSIGNMENT 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 


CD74HC373/CD54HC373 
CD74HC573/CD54HC573 


TEST 
CONDITIONS 


lo 
mA 


74HC/54HC 
TYPE 


Typ 


74HC 
TYPE 


-40/ 
♦85°  C 


S4HC 
TYPE 


-55/ 
*125°C 


CD74HCT373/C054HCT373 
C074HCT573/C054HCT573 


TEST 
CONDITIONS 


74HCT/54HCT 
TYPE 


Typ  Mai 


74HCT 
TYPE 


-40/ 
♦85°  C 


54HCT 
TYPE 


UNITS 


-55/ 
♦125° C 


High-Level 
Input  Voltage 


4  5 

to 

5  5 


Low-Level 

Input  Voltage  V,L 


4.5 
to 

5  5 


High-Level 

Output  Voltage  Voi 
CMOS  Loads 


TTL  Loads 
(Bus  Driver) 


Low- Level 

Output  Voltage  Voi 
CMOS  Loads 


TTL  Loads 
(Bus  Driver) 


Input  Leakage 
Current 


Vcc 
or 
Gnd 


Any 
Voltage 
Between 
Vcc  and 

Gnd 


Quiescent  Device 
Current  Ic 


Vcc 
or 
Gnd 


Vcc 
or 
Gnd 


Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Ale. 


3-State 

Leakage 

Current 


V.  =  Vc<j 
or 

Gnd 


V,„ 


•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  -  5.5  V)  specification  is  1 .8  mA 

HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

HCT373 

HCT573 

OE 

1.5 

1.25 

Dn 

0.4 

0.3 

LE 

0.6 

0.65 

Unit  Load  is  AICc  limit  specified  in  Static 
Characteristics  Chart,  e.g.,  360 //A  max.  i 


>25°C. 


392  . 


 Technical  Data 

CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°C,  Input  t„  ti  =  6  ns) 


CHARACTERISTIC 

tt                              .  * 

c 

(PF) 

TYPICAL  VALUES 

UNITS 

HC 

HCT 

Propagation  Delay 

Data  to  Qn  Output  (HC/HCT373) 

tpLH 

15 

12 

13 

ns 

(Fig.  3) 

tpHL 

Data  to  Qn  Output  (HC/HCT573) 
(Fig.  3) 

tpLH 
tpHL 

15 

14 

17 

ns 

HE  to  Qn  Output 
(Fig.  4) 

tpLH 
tpHL 

15 

14 

14 

ns 

Output  Enabling  Time 
(Fig.  6,  7) 

tpZL 
tpZH 

15 

12 

14 

ns 

Output  Disabling  Time 
(Fig.  6,  7) 

tpLZ 
tPHZ 

15 

12 

14 

ns 

Power  Dissipation  Capacitance  (HC/HCT573,  373) 

Cpd* 

51 

53 

PF 

*CpD  determines  the  no-load  dynamic  power  consumption  per  latch.  It  is  obtained  by  the  following  relationship; 
PD  (total  power  per  latch)  =  VCc2  fi  {Cpd  +  CL)  where  f,  =  input  frequency, 
CL  =  output  load  capacitance,  VCc  =  supply  voltage 


PRE  REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

CHARACTERISTIC 

TEST 
CONDITIONS 

25°  C 

-40°Cto  +85°  C 

-55°Cto  +125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Vcc 
V 

Mln. 

Max. 

Min. 

Max. 

Mill. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

CC  Pulse  Width  tw 

2 

80 

100 

120 

(Fig.  3) 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 

17 

20 

Set-up  Time  tSu 

2 

50 

65 

75 

Data  to  LE  573 

4.5 

10 

13 

13 

16 

15 

20 

ns 

(Fig.  4) 

6 

9 

11 

13 

Set-up  Time  tsu 

2 

50 

65 

75 

Data  to  LE  373 
(Fig.  4) 

4.5 
6 

10 
9 

13 

13 
11 

16 

15 
13 

20 

ns 

Hold  Time  tH 

2 

40 

50 

60 

Data  to  LE  573 

4.5 

8 

10 

10 

13 

12 

15 

ns 

(Fig.  4) 

6 

7 

9 

10 

Hold  Time  tH 

2 

5 

5 

5 

Data  toTE  373 

4.5 

5 

10 

5 

13 

5 

15 

ns 

(Fig.  4) 

6 

5 

5 

5 

Technical  Data 


CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 


SWITCHING  CHARACTERISTICS  (Input  tr,  t,  =  6  ns,  C  =  50  pF) 


LIMITS 

TEST 

25°  C 

-40°CtO  +85° 

C 

-55°Cto  +125°C 

CHARACTERISTIC 

CONDITIONS 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Vcc 

V 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay  tpm 

2 

150 

190 

225 

Data  to  Qn  tpHL 

4.5 

30 

32 

38 

40 

45 

48 

ns 

(Fig.  2)  HC/HCT373 

6 

OA 

oo 

38 

Data  to  Qn  tpLH 

2 

175 

220 

265 

(Fig.  2)  tpHL 

4.5 

35 

40 

44 

50 

53 

60 

ns 

HC/HCT573 

6 

•an 

of 

•to 

LE~to  Qn  tp^ 

2 

1 75 

Odd 
/LOO 

tpHL 

4.5 

- 

35 

— 

35 

— 

44 

- 

44 

— 

53 

— 

53 

ns 

(Fig.  3) 

6 

30 

37 

45 

Output  Enabling  tpzi. 

2 

150 

190 

225 

Time  tPZH 

4.5 

30 

35 

38 

44 

45 

53 

ns 

(Figs.  5  &  6) 

6 

26 

33 

38 

Output  Disabling  tpu 

2 

150 

190 

225 

Time  tpHz 

4.5 

30 

35 

38 

44 

45 

53 

ns 

(Figs.  5  &  6) 

6 

26 

33 

38 

Output  Transition  Itlh 

2 

60 

75 

90 

Time  trm. 

4.5 

12 

12 

15 

15 

18 

18 

ns 

(Fig.  2) 

6 

10 

13 

15 

Input  Capacitance  O 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 
Capacitance  Co 

20 

20 

20 

20 

20 

20 

PF 
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Technical  Data 


CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 


INPUT    LEVEL  - 


DATA 
*PLH  ' 
QN 


/ 


TLH 


90% 

%  10% 


THL 
90% 


t  1 0  %   —   / 


54/74HC 

S4/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 




54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

Fig.  2-  Data  to  Q„  output  propagation  delays  and  output 
transition  times. 


Fig.  3  -  Latch  enable  propagation  delays. 


sulL) 


INPUT  LEVEL- 


1  ~Vs  All  Other  Inpul 
■*  Tied  Hie 


Inputs 
igh 

"*~*PHZ        or  Low 

"OE   

INPUT 


OUTPUT 
On      I  k 

J;50pF 
I 


92CS-  37134 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

Fig.  4  -  Latch  enable  prerequisite  times. 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

V, 

50%  Vcc 

1.3  V 

V. 

'  

90%  Vcc 

'  

90%  Vcc 

INPUT   LEVEL  ■ 
OE 


All  Other  Inputs 
Tied  High 
or  Low 
"OE  — 
INPUT 


Fig.  5  -  Three-state  propagation  delays. 

Qn  OUTPUT 
;50  pF 


— fAA/V-Occ 

J^50  pF 


92CS-37I36 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

50%  Vcc 

1.3  V 

V, 

50%  Vcc 

1.3  V 

V. 

10%  Vcc 

10%  Vcc 

Fig.  6  -  Three-state  propagation  delays. 
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High-Speed  CMOS  Logic 


DO- 
01- 
D2- 
D3- 
D4- 
D5- 


OE- 
CP- 


-00 
-01 
-Q2 
-03 
-04 
-05 
-06 
-Q7 


VCC  =  20 
GND= 10 

92CS-38560 


FUNCTIONAL  DIAGRAM 


Octal  D-Type  Flip-Flop,  3-State 
Positive-Edge  Triggered 

Type  Features: 

■  Common  3-State  Output  Enable  Control 

■  Buttered  Inputs 

■  3-State  Outputs 

■  80s  Line  Driving  Capability 

■  Typical  Propagation  Delay  {Clock  to  Q)  =  75  ns  @  VCc  =  5  V,  CL  =  J  5  pF, 

U  =  25°C 


The  RCA  CD54/74HC374/574  and  CD54/74HCT374/574 
are  Octal  D-Type  Flip-Fiops  with  3-State  Outputs  and  the 
capability  to  drive  15  LSTTL  loads.  The  eight  edge-triggered 
flip-flops  enter  data  into  their  registers  on  the  LOW  to 
HIGH  transition  of  clock  (CP).  The  Output  Enable  (OE) 
controls  the  3-state  outputs  and  is  independent  of  the  reg- 
ister operation.  When  Output  Enable  (OE)  is  HIGH  the  out- 
puts will  be  in  the  high  impedance  state.  The  374  and  574 
are  identical  in  function  and  differ  only  in  their  pinout 
arrangements. 

The  CD54HC/HCT374/574  are  supplied  in  20-lead  ceramic 
dual-in-line  packages  (F  suffix).  The  CD54HC/HCT374/574 
are  supplied  in  a  20-lead  plastic  dual-in-line  plastic  pack- 
age (E  suffix)  and  in  20-lead  plastic  dual-in-line  surface 
mount  plastic  packages  (M  suffix).  The  CD54HC/ 
HCT374/574  are  also  supplied  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:   -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 
High  Noise  Immunity: 

Nil  =  30%,  NtH  =  30%  of  Vcc;  @  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

Vil  =  0.8  V  Max.,  Vm  =  2  V  Mm. 
CMOS  Input  Compatibility 

I,<-\VA@  VOL,  VOM 


HC/HCT574   pi  OF8  IDENTICALCIRCUITS 

(2,  3,  4,  5,  6,  1  c, 
7.  8,  9| 


DO-D7C-r-[>Mp^  n 


HC/HCT374 
(3,4,7,8,13,  I 
14,17,18)  L.. 


TO  7  OTHER  FLIP-FLOPS 


"0»CC 

HC/HCT574 
j  (19,  18,  I7,  16 
|   15, 14,13,12) 

)  00-07 

..C/HCT374 
I  (2,5,6,9.12, 
I  15,16,19) 


pc-^h>1£>J 


OEO- 


■  OE 
OE 


Fig.  1  -  Logic  diagram. 
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Technical  Data 


CD54/74HC374,  CD54/74HCT374 
CD54/74HC574,  CD54/74HCT574 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (VCc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l,«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT.  IOT  (FOR  V„<  -0.5  V  OR  V„  >  Vcc +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)    ±35mA 

DC  Vcc  OR  GROUND  CURRENT.  PER  PIN  (lcc)   ±70mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°  C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -55  to  +100°  C  (PACKAGE  TYPE  F.  H)   500  mW 

ForT,  -  '100  to    125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  Ta  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T,„)   -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


I 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  VCci* 

CD54/74HC  Types 

2 

6 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times  t„  t, 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


TRUTH  TABLE 

INPUTS 

OUTPUTS 

61 

CP 

Dn 

On 

L 

V 

H 

H 

L 
L 

_y 
L 

L 
X 

L 

Q0 

H 

X 

X 

Z 

HC/HCT374.574 


H  =  high  level  (steady  state) 
L  =  low  level  (steady  state) 
X  =  don't  care 
— /~  =  transition  from  low  to  high  level 
QO  =  the  level  of  O  before  the 
indicated  steady-state  input 
conditions  were  established. 
Z  =  high  impedance 
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Technical  Data   

CD54/74HC374,  CD54/74HCT374 
CD54/74HC574,  CD54/74HCT574 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC374/CD54HC374 
CD74HC574/CD54HC574 

CD74HCT374/CD54HCT374 
CD74HCT574/CD54HCT574 

LMflMAt  1  t  Mill  1 11* 

TEST 
CONDITIONS 

74HC/54HC 
SERIES 

74HC 
SERIES 

54HC 
SERIES 

TEST 
CONDITIONS 

74HCT/54HCT 
SERIES 

74HCT 
SERIES 

54HCT 
SERIES 

V, 

Vcc 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

V, 

Vcc 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

V 

mA 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

V 

V 

Mln 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

2 

1.5 

- 

- 

15 

- 

1  5 

- 

45 

Input  Voltage  V,„ 

4.5 

3.15 

- 

- 

3.15 

- 

3.15 

- 

- 

to 

2 

- 

- 

2 

- 

2 

- 

V 

6 

42 

- 

— 

42 

— 

42 

- 

55 

Low-Level 

2 

— 

— 

0.5 

- 

0  5 

- 

0.5 

4.5 

Input  Voltage  V,L 

4  5 

- 

- 

1.35 

- 

1.35 

- 

1.35 

- 

to 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

6 

1.8 

1.8 

1.8 

55 

High-Level 

v,L 

1.9 

- 

1.9 

19 

V,i 

Output  Voltage  viIM 

or 

-0  02 

4.5 

4.4 

44 

44 

or 

45 

4  4 

4.4 

4.4 

V 

CMOS  Loads 

V„ 

6 

59 

- 

- 

5.9 

59 

- 

V„ 

V* 

v,L 

TTL  Loads 

or 

-6 

45 

3  98 

- 

384 

- 

3.7 

- 

or 

4.5 

398 

- 

— 

3.84 

— 

3  7 

- 

V 

(Bus  Driver) 

V,„ 

-7  8 

6 

5.48 

5.34 

5.2 

v,„ 

Low-Level 

v,t 

2 

0.1 

0.1 

0  1 

vlt 

Output  Voltage  V0l 

or 

0  02 

4.5 

- 

- 

0  1 

- 

0.1 

- 

0  1 

or 

4.5 

- 

0  1 

- 

0  1 

- 

0  1 

V 

CMOS  Loads 

v„ 

6 

—  I 

- 

0.1 

— 

0.1 

- 

0  1 

V„ 

Vi 

v,t 

TTL  Loads 

or 

6 

4.5 

- 

- 

0.26 

0.33 

04 

or 

4.5 

- 

- 

026 

- 

0  33 

- 

04 

V 

(Bus  Driver) 

v,„ 

7.8 

6 

0.26 

0.33 

0.4 

V„ 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

10.1 

il 

+1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

10  1 

♦  1 

11 

«A 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

fA 

Current  1cc 

Gnd 

Gnd 

Additional 
Quiescent 
Device  Current 

Vcc-2.1 

4.5 
to 

100 

360 

450 

490 

pA 

per  input  pin: 

1  unit  load  Alec* 

5.5 

3-State 

V,t 

V„  *  Vcc 

fc 

Leakage  Current 

or 

V. 

or 

Gnd 

6 

±05 

150 

110 

or 

v,„ 

5  5 

10  5 

15  0 

:I0 

«A 

■For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

HCT374 

HCT574 

D0-D7 

0.3 

0.4 

CP 

09 

0.75 

OE 

1.3 

0.6 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 pA.  max.  @  25°C. 


Technical  Data 


CD54/74HC374,  CD54/74HCT374 
CD54/74HC574,  CD54/74HCT574 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°  C,  Input  t„  t.  =  6  ns) 


CHARACTERISTIC 

C, 

(PF) 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay 
Clock  to  Q 

tpLH 
tpHL 

15 

15 

15 

ns 

Propagation  Delay 
Output  Disable  to  Q 

tpLZ 
tpHZ 

15 

11 

11 

ns 

Propagation  Delay 
Output  Enable  to  Q 

tpZL 
tpZH 

15 

12 

12 

ns 

Max  Clock  Frequency 

15 

60 

60 

MHz 

Power  Dissipation  Capacitance 

CpD* 

39 

47 

PF 

'Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Po  =  Cpo  Vcc!  f,  +  ZVcc2  to  Cl  where 
f,  =  input  frequency, 
to  «  output  frequency, 
CL  =  output  load  capacitance 
Vcc  ■  supply  voltage 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


25°  C 

-40°Cto+85°C 

-55°Cto  +125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Maximum  Clock 

2 

6 

5 

4 

Frequency 

twiAX 

4.5 

30 

30 

25 

25 

20 

20 

MHz 

6 

35 

29 

23 

2 

80 

100 

120 

Clock  Pulse  Width 

tw 

4.5 

16 

16 

20 

20 

24 

24 

ns 

Fig.  2 

6 

14 

17 

20 

Set-up  Time 

2 

60 

75 

90 

Data  to  Clock 

4.5 

12 

12 

15 

15 

18 

18 

ns 

Fig.  3 

tsu 

6 

10 

13 

15 

Hold  Time 

2 

5 

5 

5 

Data  to  Clock 

4.5 

5 

5 

5 

5 

5 

5 

ns 

Fig.  3 

t„ 

6 

5 

5 

5 
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SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  ti  =  6  ns) 


CHARACTERISTIC 

25°  C 

-40°Cto  +85°  C 

-55°CIO+125°C 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min. 

Max. 

Min. 

Max 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

— 

165 

— 

— 

— 

205 

— 

— 

— 

250 

— 

— 

Clock  to  Output 

tpHL 

4.5 

— 

33 

— 

33 

— 

41 

— 

41 

— 

50 

— 

50 

ns 

Fig.  2 

6 

— 

28 

— 

— 

35 

— 

— 

— 

43 

— 

— 

Propagation  Delay 

tpLZ 

2 

— 

135 

— 

— 

— 

170 

— 

— 

— 

205 

— 

— 

Output  Disable  to  Q 

tpHZ 

4.5 

— 

27 

— 

28 

— 

34 

— 

35 

— 

41 

— 

42 

ns 

Fig.  4 

6 

— 

23 

— 

— 

— 

29 

— 

— 

— 

35 

— 

— 

Propagation  Delay 

tpZL 

2 

150 

190 

225 

Output  Enable  to  Q 

tpZH 

4.5 

- 

30 

30 

38 

- 

38 

- 

45 

- 

45 

ns 

Fig.  4 

6 

26 

33 

38 

Output  Transition 

tTLH 

2 

60 

75 

90 

Time 

tTHL 

4.5 

12 

12 

15 

15 

18 

18 

ns 

Fig.  2 

6 

10 

13 

15 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

PF 

INPUT 
LEVEL 


90% 
'S 


■  f 


■»-'PLH-»-| 


INPUT 
LEVEL  ' 


7t  £*~ 


— 907. 
10% 


■«-tsu(H>. 


'  'thl 


92CS-  36954RI 


54/74HC 

54/74HCT 

Input  Level 

vs 

Vcc 

50%  VCC 

3V 
1.3  V 

54  74HC 

54  74HCT 

Input  Level 

Vcc 

3V 

»S 

50'  VCC 

1.3  V 

92CS-38404 


Fig.  3  —  Data  set-up  and  hold  times. 


Fig.  2  —  Clock  to  output  delays  and  clock  pulse  width. 


tr  -  6  ns-»- 


OUTPUT 
LOW  TO  OFF 


si  /zizzzyzzi* 


'PLZ 


*PHZ 


OUTPUT  HIGH 
TO  OFF 


OUTPUTS 
CONNECTED 


•m-  tf  =  6  ns 

 90% 

-vs 

-10  % 


'PZL 


tPZH 


OUTPUTS  . 
DISCONNECTED 


OE  — 

a  vcc 

^vcc 

Q0^ 

««* 

»4 

&« 

00^ 

^D7 

Dl  — 

H  oi 

Dl  ± 

02^. 

3-w 

91  4 

03^- 

^03 

02^ 

^OS 

04  -1 

^04 

7 

02  — 

$-« 

7 

D5   

^OS 

03  i 

Mm 

06  ± 

Hq, 

03^ 

07^- 

^■07 

GND  — 

11  CP 

GNO  — ~ 

h-"~  CP 

OUTPUTS 
CONNECTED 
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CD54/74HC,  HCT374  Types  CD54/74HC,  HCT574  Types 
TERMINAL  ASSIGNMENT      TERMINAL  ASSIGNMENT 


54/74HC 

54/74HCT 

Input  Level 

VCC 

3  V 

Switching  Voltage,  Vs 

50%  VCC 

1.3  V 

Fig.  4  —  Transition  times  and  propagation  delay  times. 


Technical  Data 


File  Number  1675 


CD54/74HC377 
CD54/74HCT377 


High-Speed  CMOS  Logic 

Octal  D-Type  Flip-Flop  with  Data  Enable 


Type  Features: 

■  Buffered  common  clock 

■  Buffered  inputs 

■  Typical  propagation  delay  =  17ns  @  CL  =  15pF,  Vcc  : 

■  60  MHz  typical  maximum  clock  frequency 
@  Vcc  =  5  V,  CL  =  75  pF,  7*  =  25°  C 


5  V,  T„  =  25°C 


92CS384  7  I  R  I 

FUNCTIONAL  DIAGRAM 

The  RCA-CD54/74HC377  and  CD54/74HCT377  are  octal 
D-type  flip-flops  with  a  buffered  clock  (CP)  common  to  all 
eight  flip-flops.  All  the  flip-flops  are  loaded  simultaneously 
on  the  positive  edge  of  the  clock  (CP)  when  the  Data 
Enable  (E)  is  LOW. 

The  CD54HC377  and  CD54HCT377  are  supplied  in  20-lead 
ceramic  dual-in-line  packages  (F  suffix).  The  CD74HC377 
and  CD74HCT377  are  supplied  in  20-lead  dual-in-line 
plastic  packages  (E  suffix)  and  in  20-lead  dual-in-line 
surface  mount  plastic  packages  (M  suffix).  Both  types  are 
also  available  in  chip  form  (H  suffix). 


TRUTH  TABLE 


OPERATING  MODE 

INPUTS 

OUTPUTS 

CP 

E 

Dn 

Qn 

Load  "1" 

I 

h 

H 

Load  "0" 

I 

I 

L 

Hold  (do  nothing) 

X 

h 
H 

X 
X 

no  change 
no  change 

H  =  HIGH  voltage  level  steady  state. 

h  =  HIGH  voltage  level  one  setup  time  prior  to  the  LOW- 

to-HIGH  clock  transition. 
L  =  LOW  voltage  level  steady  state 
I  =  LOW  voltage  level  one  setup  time  prior  to  the  LOW- 

to-HIGH  clock  transition. 
X  =  Don't  care. 
S~=  LOW-to-HIGH  clock  transition. 


Family  Features: 

■  Fanout  {over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HC  T:    -40  to  +85°  C 

■  Balanced  propagation  delay  and 
transition  times 

■  Significant  power  reduction  compared  to 
LSTTL  logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity:  N,L=  30%,NiH=30%  of  Vcc 
@  Vcc=5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

VIL=0.8  V  max..  Vm=2Vmin. 
CMOS  input  compatibility 

/,  <  7  pA@  Vol,  Voh 


co  — 


01 
02  — 


—  vCc 

.11  07 


TERMINAL  ASSIGNMENT 
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Technical  Data 


CD54/74HC377 
CD54/74HCT377 


FFO 
7J 


)I5  OI6 
Q5  Q6 


>i9  i 


GNO 

10 


07 


i> 

L 


Fllp-Flop  Detail 


F/g.  7  -  Log/c  diagram. 
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Technical  Data 


CD54/74HC377 
CD54/74HCT377 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l,„  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0  5  V  OR  VQ  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (lcc)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  T»  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  T.  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  T.  =  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mw/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F,  H   -55  to  +125°  C 

PACKAGE  TYPE  E,  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.„)   -65  to +150*0 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„  t, 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC377/CD54HC377 

CD74HCT377/C054HCT377 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

CHARACTERISTIC 

UNITS 

V, 
V 

lo 

mA 

Vcc 
y 

♦25°  C 

-40/ 
♦85°  C 

-S5/ 
♦  125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
♦85°  C 

-55/ 
♦  125°C 

Min 

Typ 

Max 

Mln 

Mai 

Min 

Mai 

Min 

Typ 

Mai 

Min 

Mai 

Min 

Mai 

High-Level 

1.5 

- 

- 

1.5 

- 

1.5 

- 

4.5 

Input  Voltage  V,H 

3.15 

- 

- 

3.15 

- 

3  15 

- 

to 

2 

- 

2 

- 

2 

- 

V 

4  2 

- 

- 

4  2 

- 

4.2 

- 

5.5 

Low-Level 

0.5 

- 

0.5 

- 

0.5 

4  5 

Input  Voltage  VIL 

1.35 

1.35 

1.35 

to 

08 

08 

0.8 

V 

- 

18 

1  8 

1.8 

55 

Htgh-Level 

vlt 

2 

1  9 

1  9 

19 

v» 

Output  Voltage  VOH 

or 

-0  02 

4  5 

44 

- 

- 

4  4 

- 

4  4 

- 

or 

45 

4.4 

- 

- 

4  4 

- 

4  4 

- 

V 

CMOS  Loads 

v,„ 

6 

59 

- 

- 

59 

- 

59 

- 

v„ 

Vi 

V, 

TTL  Loads 

or 

-4 

4.5 

3.98 

3  84 

3  7 

or 

4.5 

3.98 

384 

3.7 

V 

v,„ 

-5.2 

6 

5.48 

5.34 

52 

v,„ 

Low-Level 

V» 

0  1 

0.1 

0.1 

V, 

Output  Voltage  VGL 

or 

0.02 

0  1 

0  1 

0.1 

or 

4  5 

0.1 

0  1 

0  1 

V 

CMOS  Loads 

v,„ 

6 

0.1 

0  1 

0.1 

V,„ 

v* 

v» 

TTL  Loads 

or 

4 

4.5 

0.26 

033 

04 

or 

4.5 

026 

0.33 

04 

V 

V„ 

5.2 

6 

026 

0.33 

0.4 

V,„ 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

il 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

55 

i0.1 

11 

±1 

PA 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

fA 

Current  lcc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec" 

Vcc-2 .1 

45 
to 

5.5 

100 

360 

450 

490 

fA 

"For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5  5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

E 

CP 

All  Dn  Inputs 

1.5 
0.5 
0.25 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  /jA  max.  @  25°  C. 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5V,T,  =  25°  C,  Input  t,,  t,  =  6  ns) 


CHARACTERISTIC 

CL 
(pF) 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Maximum  Clock  Frequency 

15 

f™. 

60 

50 

MHz 

Propagation  Delay 

CP  -Q 

15 

tPLH 
tpHL 

14 

16 

ns 

Power  Dissipation  Capacitance* 

CpD 

31 

35 

pF 

*Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  flip  flop. 
Pd  =Cpd  Vcc2  1,  +  £  (CL  V„2  f0)  where: 
fi  =  input  frequency 
fo  =  output  frequency 
Cl  =  output  load  capacitance. 
Vcc  =  supply  voltage. 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


25°  C 

-40°Cto  +85°  C 

-55°Cto  +125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Maximum  Clock 

2 

6 

5 

4 

Frequency 

km 

4.5 

30 

25 

25 

20 

20 

16 

MHz 

6 

35 

29 

23 

Clock  Pulse 

2 

80 

100 

120 

width 

tw 

4.5 

16 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

Set-up  Time 

2 

60 

75 

90 

E,  Data  to  CP 

tsu 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 

Hold  Time, 

2 

3 

3 

3 

Data  to  CP 

tH 

4.5 
6 

3 
3 

3 

3 
3 

3 

3 
3 

3 

ns 

Hold  Time 

2 

5 

5 

5 

Eto  CP 

tH 

4.5 

5 

5 

5 

5 

5 

5 

ns 

6 

5 

5 

5 

■ 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  l„  t,  =  6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°Cto  +125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

741- 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tPLH 

2 

175 

220 

265 

CP  toQ 

tpHL 

4.5 

35 

38 

44 

48 

53 

57 

ns 

6 

30 

37 

45 

Output 

2 

75 

95 

110 

Transition  Time 

tTLH 

4.5 

15 

15 

19 

19 

22 

22 

ns 

tTHL 

6 

13 

16 

19 

Input 

Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 
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Dn 


INPUT  LEVEL" 
E 


'SUILI 


92CS-38474RI 


INPUT  LEVEL 


INPUT  LEVEL  , 

f  vs- 


'SU(L) 


f*- 'MILI 


0„ 


92CS-38475RI 


54/74HC 

54/74HCT 

Input  Level 

Voc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Setup  and  hold  times  and  propagation  delay  times. 
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CD54/74HC390 


High-Speed  CMOS  Logic 


Dual  Decade  Ripple  Counter 

Type  Features: 

■  Two  BCD  decade  or  bi-quinary  counters 

■  One  package  can  be  configured  to  divide-by-2,  4,  5, 
10,  20,  25,  50  or  100 

■  Two  master  reset  inputs  to  clear  each  decade 
counter  individually 


92CS-402O9 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC390  and  CD54/74HCT390  dual  4-bit 
decade  ripple  counters  are  high-speed  silicon-gate  CMOS 
devices  and  are  pin  compatible  with  low-power  Schottky 
TTL  (LSTTL).  These  devices  are  divided  into  four  separately 
clocked  sections.  The  counters  have  two  divide-by-2 
sections  and  two  divide-by-5  sections.  These  sections  are 
normally  used  in  a  BCD  decade  or  bi-quinary  configuration, 
since  they  share  a  common  master  reset  (nMR).  If  the  two 
master  reset  inputs  (1  MR  and  2MR)  are  used  to  simul- 
taneously clear  all  8  bits  of  the  counter,  a  number  of 
counting  configurations  are  possible  within  one  package. 
The  separate  clock  inputs  (nCPOand  nCP1)  of  each  section 
allow  ripple  counter  or  frequency  division  applications  of 
divide-by-2,  4,  5,  10,  20,  25,  50  or  100.  Each  section  is 
triggered  by  the  HIGH-to-LOW  transition  of  the  input 
pulses  (nCPO  and  nCP1). 

For  BCD  decade  operation,  the  nQO  output  is  connected  to 
the  nCP1  input  of  the  divide-by-5  section.  For  bi-quinary 
decade  operation,  the  nQ3  output  is  connected  to  the  nCPO 
input  and  nQO  becomes  the  decade  output. 

The  master  reset  inputs  (1  MR  and  2MR)  are  active-HIGH 
asynchronous  inputs  to  each  decade  counter  which  operates 
on  the  portion  of  the  counter  identified  by  the  "1"  and  "2" 
prefixes  in  the  pin  configuration.  A  HIGH  level  on  the  nMR 
input  overrides  the  clock  and  sets  the  four  outputs  LOW. 

The  CD54HC390  and  CD54HCT390  are  supplied  in  1 6-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC390  and  CD74HCT390  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  1 6-lead  dual- 
in-line  surface-mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity:  Nil  =  30%,  N,H  =  30%  of  Vcc, 
@Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 
I/il  =  0.8  V  Max.,  V,H  =  2V  Min. 
CMOS  Input  Compatibility 
/,  <  7  uA@  Vol,  Voh 


1CP0  

1 

*  ,6 

 VCC 

1  MR  

2 

15 

 2CP0 

1QO  

3 

14 

 2M  R 

icpT  

4 

13 

 2Q0 

101  

5 

12 

 2CP? 

1Q2   

6 

11 

 201 

1Q3  

7 

10 

 2Q2 

G  NO  

8 

9 

  2Q3 

TOP  VIEW 

92C5 

-40210 

TERMINAL  ASSIGNMENT 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 


DC  SUPPLY- VOLT  AGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  In,  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +  0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +  0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (U)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CUPRENT  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (Pd): 

For  Ta  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

For  T»  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55  to  +1 00°  C  (PACKAGE  TYPE  F,  H)   500  mW 

For  T»  =  +1 00  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/'Cto  300  mW 

For  TA=  -40  to  +70°C  (PACKAGE  TYPE  M)  400  mW 

For  Ta=  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°  C 

PACKAGE  TYPE  E.  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (Tllg)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 
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RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  T*=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature,  Ta: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times,  t,,tf: 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

TRUTH  TABLE 


INPUTS 

ACTION 

CP 

MR 

L 

NO  CHANGE 

L 

COUNT 

X 

H 

ALL  Qs  LOW 

H  =  HIGH  voltage  level 
L  =  LOW  voltage  level 
X  =  Don't  Care 


■  LOW-to-HIGH  <t>  transition 
'  HIGH-to-LOW  <{>  transition 


BCD  COUNT  SEQUENCE  FOR 
1/2  THE  "390" 


BI-QUINARY  COUNT  SEQUENCE  FOR 
1/2  THE  "390" 


COUNT 

OUTPUTS 

COUNT 

OUTPUTS 

Q0 

Q1 

Q2 

Q3 

Q0 

Q1 

Q2 

Q3 

0 

L 

L 

L 

0 

L 

L 

L 

1 

H 

L 

L 

1 

H 

L 

L 

2 

L 

H 

L 

2 

L 

H 

L 

3 

H 

H 

L 

3 

H 

H 

L 

4 

L 

L 

H 

4 

L 

L 

H 

5 

H 

L 

H 

5 

H 

L 

L 

L 

6 

L 

H 

H 

6 

H 

H 

L 

L 

7 

H 

H 

H 

7 

H 

L 

H 

L 

8 

L 

L 

L 

H 

8 

H 

H 

H 

L 

9 

H 

L 

L 

H 

9 

H 

L 

L 

H 

Note: 

Output  nQO  connected  to  nCP1  with 
counter  input  on  nCPO. 


Note: 

Output  nQ3  connected  to  nCPO  with 
counter  input  on  nCP1. 
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STATIC  ELECTRICAL  CHARACTERISTICS 

.  ,  .  


CD74HC390/CD54HC390 

CD74HCT390/CD54HCT390 

TEST 

74HC/54HC 

74HC 

54HC 

TEST 

74HCT/54HCT 

74HCT 

54HCT 

CONDITIONS 

TYPES 

TYPES 

TYPES 

CONDITIONS 

TYPES 

TYPES 

TYPES 

UNITS 

(JMARACT  t  RISTIt. 

Vi 

lo 

Vcc 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125° C 

Vi 

Vcc 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V 

mA 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

V 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

2 

1.5 

1.5 

1.5 

- 

4.5 

Input  Voltage 

Vm 

4.5 

3.15 

_ 

3.15 

_ 

3.15 

to 

2 

2 

_ 

2 

_ 

V 

6 

4.2 

4.2 

4.2 

5.5 

Low- Level 

2 

0.5 

: 

0.5 

4.5 

Input  Voltage 

VlL 

4.5 

- 

- 

1.35 

- 

1.35 

- 

1.35 

_ 

to 

- 

- 

0.8 

- 

0.8 

0.8 

V 

6 

1.8 

1.8 

1.8 

5.5 

High-Level 

VlL 

2 

1.9 

1.9 

1.9 

Output  Voltage 

VOH 

or 

-0.02 

4.5 

4.4 

- 

4.4 

4.4 

'  or 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

CMOS  Loads 

V,„ 

6 

5.9 

5.9 

5.9 

VlH 

Vil 

VlL 

TTL  Loads 

or 

-4 

4.5 

3.98 

3.84 

3.7 

or 

4.5 

3.98 

- 

3.84 

3.7 

V 

V,„ 

-5.2 

6 

5.48 

5.34 

5.2 

VlH 

Low-Level 

V,l 

2 

0.1 

0.1 

0.1 

VlL 

Output  Voltage 

Vol 

or 

0.02 

4.5 

0.1 

0.1 

0.1 

or 

4.5 

0.1 

0.1 

0.1 

V 

CMOS  Loads 

V,„ 

6 

0.1 

0.1 

0.1 

V|H 

V,L 

VlL 

TTL  Loads 

or 

4 

4.5 

0.26 

0.33 

0.4 

or 

4.5 

0.26 

0.33 

0.4 

V 

V,H 

5.2 

6 

0.26 

0.33 

0.4 

VlH 

Input  Leakage 

Vcc 
or 
Gnd 

Any 

Current 

I. 

6 

t0.1 

±1 

±1 

Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

fA 

Quiescent 

Vcc 

Vcc 

Device  Current 

Ice 

or 
Gnd 

0 

6 

8 

80 

160 

or 
Gnd 

5.5 

8 

80 

160 

Additional 
Quiescent  Device 
Current  per  input 
pin:  1  unit  load 

Alec" 

Vcc  -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  "  5.5  V)  specification  is  1.8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

nCPO 
nCPI,  MR 

0.45 
0.6 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 /uA  max.  @  25°C. 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°  C,  Input  tr,tf  =  6  ns) 


CHARACTERISTIC 

C|_ 

TYPICAL 

UNITS 

(pF) 

HC 

HCT 

Propagation  Delay 
nCPO  to  QO  Output 

tpLH 
tpHL 

14 

17 

nCP1  to  Q3 

15 

15 

18 

ns 

MR  to  Qn  Output 

tpHL 

16 

18 

Power  Dissipation  Capacitance* 

Cpo 

28 

32 

PF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  counter. 
PD  =  Cpo  Vcc2  f i  +  X  (CL  Vcc2  U)  where:  fi  =  input  frequency 

f0  =  output  frequency 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25°  C 

-40°Cto  +85°  C 

-55°Cto  +125°C 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Vcc  (V) 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Maximum  Clock        f max 

2 

6 

5 

4 

Frequency 

4.5 

30 

27 

24 

22 

20 

18 

6 

35 

28 

24 

Clock  Pulse  Width  t» 

2 

80 

100 

120 

nCPO,  nCP1 

4.5 

16 

19 

20 

24 

24 

29 

6 

14 

17 

20 

ns 

Reset  Removal  Time  tp.EM 

2 

70 

90 

105 

4.5 

14 

15 

18 

19 

21 

22 

6 

12 

15 

18 

Reset  Pulse  Width  tw 

2 

50 

65 

75 

4.5 

10 

13 

13 

16 

15 

20 

6 

9 

11 

13 

92CS-3837IRI 


54/74HC 

S4/74HCT 

INPUT  LEVEL 

vcc 

3V 

SWITCHING  VOLTAGE,  Vs 

50%  Vcc 

1.3  V 

Fig.  3  -  Input  pulse  pre-requlsile,  propagation-delay,  and 

output-transition  times.  Fig.  4  -  Master-Reset  pre-requisite  and  propagation-delay  times. 


411 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„t,  =  6  ns) 


LIMITS 

CHARACTERISTIC 

Vrr 
{') 

25°  C 

-40°Cto  +85°  C 

-55°Cto+125 

°c 

uroi  i  o 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay,  Wh 

2 

— 

175 

— 

— 

— 

220 

— 

— 

— 

265 

— 

— 

Time:  tpHL 

4.5 

— 

35 

— 

40 

— 

44 

— 

50 

— 

53 

— 

60 

nCPO  to  nQO 

6 

— 

30 

— 

— 

— 

37 

— 

— 

— 

45 

— 

— 

2 

— 

185 

— 

— 

— 

230 

— 

— 

— 

280 

— 

— 

nCPI  to  nQ1 

4.5 

37 
31 

43 

— 
— 

46 
39 

— 
— 

51 

— 

— 
— 

56 
48 

— 
— 

65 

— 

2 

— 

245 

— 

— 

305 

— 

— 

— 

370 

— 

— 

nCPTto  nQ2 

4.5 

— 

49 

— 

55 

— 

61 

— 

69 

— 

74 

— 

83 

6 

— 

42 

— 

— 

— 

52 

— 

— 

— 

63 

— 

— 

2 

— 

180 

— 

— 

— 

225 

— 

— 

— 

270 

— 

— 

nCPTto  nQ3 

4.5 

— 

36 

— 

42 

— 

45 

— 

53 

— 

54 

— 

63 

ns 

6 

— 

31 

— 

— 

— 

38 

— 

— 

— 

46 

— 

— 

nCPO  to  nQ2 

2 

365 

— 

— 

_ 

455 

— 

— 

_ 

550 

— 

— 

(nQO  connected  to  nCP1 ) 

4.5 

73 

— 

84 

— 

91 

— 

105 

— 

110 

— 

126 

6 

62 

77 

94 

2 

190 

240 

285 

MR  to  Qn 

4.5 

38 

42 

48 

53 

57 

63 

6 

32 

41 

48 

Output  Transition  tTHL 

2 

75 

95 

110 

Time  tTLH 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input  Capacitance  G 

10 

10 

10 

10 

10 

10 

PF 
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File  Number  1653 


Technical  Data 


CD54/74HC393 
CD54/74HCT393 


High-Speed  CMOS  Logic 


BINARY 
COUNTER 


BINARY 
COUNTER 


-1Q0 

-10, 
-1Q2 

-1Q3 

-200 

L2Q2 
-203 


Dual  4-Stage  Binary  Counter 


Type  Features: 

■  Fully  static  operation 
m  Buffered  inputs 

■  Common  reset 

■  Negative-edge  clocking 
m  Typical  f  max  =  60  MHz  @ 


GNO-7 

VCC"14  92CS-38367R2 

FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC393  and  CD54/74HCT393  are  4-stage 
ripple-carry  binary  counters.  All  counter  stages  are  master- 
slave  flip-flops.  The  state  of  the  stage  advances  one  count 
on  the  negative  transition  of  each  clock  pulse;  a  high 
voltage  level  on  the  MR  line  resets  all  counters  to  their  zero 
state.  All  inputs  and  outputs  are  buffered. 

The  CD54HC393  and  CD54HCT393  are  supplied  in  14-lead 
hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC393  and  CD74HCT393  are  supplied  in  14-lead 
dual-in-line  plastic  package  (E  suffix)  and  in  14-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Vcc  =  5 V,  Cl  =  1 5  pF,  7*  =  25°  C 


Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  propagation  delay  and 
transition  times 

■  Significant  power  reduction  compared  to 
LSTTL  logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to6V  operation 

High  noise  immunity:  N,l=  30%,  WiH=30%  of  Vcc 
@  yCc=5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

VIL=0.8  V  max..  Vm=2  V  min. 
CMOS  input  compatibility 

/1N<  7  fiA@  Vou  Voh 


MRQ- 


4> 


00  Q|  02 

Fig.  1  -  Logic  diagram,  one-half  of  HC/HCT393. 


>5<9> 


92CM-  38366R3 
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Technical  Data 


CD54/74HC393 
CD54/74HCT393 


MAXIMUM  RATINGS,  Absolute-Maximum  Values- 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  lu  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V<  V„<  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  T,  ■  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

ForT.  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T.  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.„)  -65  to  +  150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA=Full  Package  Temperature  Range) 

Vcc:' 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vj,  V0 

0 

Vcc 

V 

Operating  Temperature,  TA: 

CD74  Types 

-40 

+85 

•c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times,  t,,ti: 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


Tcp  — 

i 

14 

  YCC 

1  MR  

2 

13 

 2CP 

100  — 

3 

12 

 2MR 

(OI- 

4 

11 

 2Q0 

IQS  

5 

10 

 201 

103  

6 

9 

 202 

GN0  

7 

B 

 203 

92CS-38376B3 


TERMINAL  ASSIGNMENT 
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Technical  Data 


CD54/74HC393 
CD54/74HCT393 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC393/C054HC393 

CD74HCT393/CD54HCT393 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74KCT/S4HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 
mA 

Vcc 
V 

♦25°  C 

-40/ 
•  85°  C 

-55/ 
•125°C 

V, 
V 

Vcc 
V 

•25°  C 

-40/ 
♦85°C 

-55/ 
<T25°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Mai 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Mai 

High-Level 

Input  Voltage  V,H 

2 

1  5 

1 .5 

1 .5 

45 

to 
5.5 

2 

2 

V 

45 

3.15 

3  15 

3  15 

6 

4  2 

4.2 

4.2 

Low-Level 

Input  Voltage  ViL 

2 

- 

0.5 

0.5 

0.5 

45 
to 
5  5 

0  8 

0.8 

08 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  V0„ 
CMOS  Loads 

v» 

or 
v,„ 

-0.02 

2 

1.9 

1.9 

1  9 

V,L 
or 

VlH 

4.5 

4  4 

- 

- 

4  4 

- 

4  4 

- 

V 

4.5 

4.4 

- 

4  4 

4.4 

6 

59 

5.9 

59 

TTL  Loads 

V,L 
or 
V,„ 

-4 
-5.2 

ViL 

or 
v,„ 

4.5 

398 

- 

3.84 

3  7 

V 

45 

3.98 

3  84 

3.7 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 

or 
V,» 

0.02 

2 

0.1 

0  1 

0  1 

v,L 

or 

V,„ 

4.5 

0.1 

0  1 

0.1 

V 

45 

0.1 

0.1 

0  1 

6 

0  1 

0.1 

0.1 

TTL  Loads 

Vit 
or 
V,„ 

4 

5  2 

V,L 

or 
V,„ 

4  5 

0.26 

033 

04 

V 

4  5 

0  26 

0.33 

0  4 

6 

0.26 

0.33 

04 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

55 

±0.1 

±1 

±1 

«A 

Quiescent  Device 
Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

55 

8 

80 

160 

<<A 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec" 

Vcc -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

■ 


•For  dual-supply  systems  theoretical  worst  case  (V.  =  2.4  V,  Vcc  -  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

nCP 
nMR 

0.4 
1 

"Unit  load  is  A  lCc  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  jt/A  max.  @25°C. 
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TRUTH  TABLES 


Q  0 


92CS-38369R2 


CP 
COUNT 

OUTPUTS 

Q0 

01 

Q2 

03 

0 

L 

L 

L 

L 

1 

H 

L 

L 

L 

2 

L 

H 

L 

L 

3 

H 

H 

L 

L 

4 

L 

L 

H 

L 

5 

H 

L 

H 

L 

6 

L 

H 

H 

L 

7 

H 

H 

H 

L 

8 

L 

L 

L 

H 

9 

H 

L 

L 

H 

10 

L 

H 

L 

H 

11 

H 

H 

L 

H 

12 

L 

L 

H 

H 

13 

H 

L 

H 

H 

14 

L 

H 

H 

H 

15 

H 

H 

H 

H 

Fig.  2  -  Flip-flop  logic  detail. 


CP 

MR 

OUTPUT 

JT 

L 

NO  CHANGE 

L 

COUNT 

X 

H 

L  L  L  L 

X  =  Don't  Care 


SWITCHING  CHARACTERISTICS  (VCc  =  5  V,  T,  =  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

cL 

Typical 

PF 

HC 

HCT 

Units 

Propagation  Delay  nCP  to  nQO  Output 

tpLH 
tpHL 

15 

12 

13 

ns 

Propagation  Delay  Qn  to  Qn  +  1 

tpLH 
tpHL 

15 

4 

4 

Propagation  Delay  MR  to  Qn  Output 

tpHL 

15 

11 

13 

Power  Dissipation  Capacitance* 

Cpo 

20 

21 

PF 

"Cpd  is  used  to  determine  the  power  consumption. 
PD=CpD  Vcc*  ti  +  I  (CL  Vcc2  fi/M)  where:  M=2',22,23.24 

CL=output  load  capacitance 
fi=input  frequency 

Pre-requislte  for  Switching  Function 


25 

'C 

-40°  C  to  +85° 

C 

-55°Cto 

+125 

°C 

CHARACTERISTIC 

SYMBOL 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Maximum  Clock 

2 

6 

5 

4 

Frequency 

f  MAX 

4.5 

30 

27 

24 

22 

20 

18 

MHz 

6 

35 

28 

24 

Clock  Pulse  Width 

tw 

2 

80 

100 

120 

4.5 

16 

19 

20 

24 

24 

29 

6 

14 

17 

20 

Reset  Recovery  Time 

tflEC 

2 

5 

5 

5 

4.5 
6 

5 
5 

5 

5 
5 

5 

5 
5 

5 

ns 

Reset  Pulse  Width 

tw 

2 

80 

100 

120 

4.5 

16 

16 

20 

20 

24 

24 

6 

14 

17 

20 
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Technical  Data 


CD54/74HC393 
CD54/74HCT393 


SWITCHING  CHARACTERISTICS  (C=50  pF,  Input  t„t,=6  ns  ) 


25°  C 

-40°Cto+85°C 

-55°  C  to  +125 

»C 

CHARACTERISTIC 

SYMBOL 

VCC 

HC 

HCT 

74HC 

74  HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tpLH 

2 

— 

45 

— 

— 

— 

55 

— 

— 

— 

70 

— 

— 

Time: 

tpHL 

4.5 

— 

9 

— 

12 

— 

11 

— 

15 

— 

14 

— 

18 

Qn  to  Qn+1 

6 

8 

9 

12 

tpLH 

2 

— 

150 

— 

— 

— 

190 

— 

— 

— 

225 

— 

— 

nCP  to  nQO 

tpHL 

4.5 

— 

26 

— 

32 

— 

38 

— 

40 

— 

45 

— 

48 

6 

— 

26 

— 

— 

— 

33 

— 

— 

— 

38 

— 

— 

tpLH 

2 

195 

245 

295 

nCP  to  nQ1 

tpHL 

4.5 

— 

38 

— 

32 

— 

49 

— 

55 

— 

59 

— 

66 

6 

— 

33 

— 

— 

— 

42 

— 

— 

— 

50 

— 

— 

tpLH 

2 

240 

300 

360 

nCP  to  nQ2 

tpHL 

4.5 

48 

50 

60 

70 

72 

84 

ns 

6 

41 

51 

61 

tpLH 

2 

285 

355 

430 

nCP  to  nQ3 

tpHL 

4.5 

57 

62 

71 

85 

86 

102 

6 

48 

60 

73 

MR  to  Qn 

tpLH 
tpHL 

2 

4.5 

135 
27 

32 

170 
24 

40 

205 
41 

48 

6 

23 

29 

35 

Output  Transition 

tTHL 

2 

75 

95 

110 

Time 

tTLH 

4.5 
6 

15 
13 

15 

19 
16 

19 

22 
19 

22 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

INPUT  LEVEL 


l  --^IPLH  " 


"^-90%  ;^90%  \ 

00    I  v      !  i-V, 

1.10%  10%-jg.  \  

L~n  p-      ~^  r— ttlh 


54/74HC 

54/74HCT 

INPUT  LEVEL 

»CC 

3V 

SWITCHING  VOLTAGE,  Vs 

sm,  vcc 

1.3  V 

92CS -38370R2 


Fig.  3  -  Clock  pre-requisite,  propagation-delay,  and 
output-transition  times. 


INPUT  LEVEL   

CP 


I N  PUT  LEVEL  


"'PHL 


54/74HC 

54/74HCT 

INPUT  LEVEL 

VCC 

3V 

SWITCHING  VOLTAGE,  Vs 

50% 

1.3  V 

92CS-3837IB2 


Fig.  4  -  Master-Reset  pre-requisite  and  propagation-delay  times. 


Technical  Data 


CD54/74HC533,  CD54/74HCT533 
CD54/74HC563,  CD54/74HCT563 


File  Number  1599 


High-Speed  CMOS  Logic 


9ZCS-1834I 


FUNCTIONAL  DIAGRAM 


Octal  Inverting  Transparent  Latch, 
3-State  Outputs 


Type  Features: 

■  Common  latch-enable  control 

■  Common  3-state  output-enable  control 

■  Buffered  inputs 

■  3-State  outputs 

■  Bus  line  driving  capacity 

■  Typical  propagation  delay  =  13  ns@  Vcc  —  5  V,  CL  =  15  pF,  7"A  =  25°  C 

■  (Data  to  Output) 


The  RCA  CD54/74HC/HCT533/563  are  high-speed  Octal 
Transparent  Latches  manufactured  with  silicon  gate  CMOS 
technology.  They  possess  the  low  power  consumption  of 
standard  CMOS  integrated  circuits,  as  well  as  the  ability  to 
drive  15  LSTTL  devices. 

The  outputs  are  transparent  to  the  inputs  when  the  latch 
enable  (LE)  is  high.  When  the  latch  enable  (LE)  goes  low  the 
data  is  latched.  The  output  enable  (OE)  controls  the  3-state 
outputs.  When  the  output  enable  (OE)  is  high  the  outputs 
will  be  in  the  high  impedance  state.  The  latch  operation  is 
independent  of  the  state  of  the  output  enable. 

The  CD54/74HC533  and  CD54/74HCT533  are  identical  in 
function  to  the  CD54/74HC563  and  CD54/74HCT563  but 
have  different  pinouts.  The  CD54/74HC533  and  CD54/ 
74HCT533  are  similar  to  the  CD54/74HC373  and  CD54/ 
74HCT373;  the  latter  are  non-inverting  types. 

The  CD54HC/HCT533/563  are  supplied  in  20-lead  hermetic 
dual-in-line  ceramic  packages  (F  suffix).  The  CD74HC/ 
HCT533/563  are  supplied  in  20-lead  dual-in-line  plastic 
packages  (E  suffix)  and  in  20-lead  dual-in-line  surface 
mount  plastic  packages  (M  suffix).  Both  types  are  also 
available  in  chip  form  (H  suffix^. 


Family  Features 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  —  10  LSTTL  Loads 
Bus  Driver  Outputs  —  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 
High  Noise  Immunity: 
W,L  =  30%,  Wih  =  30%  of  Vcc: 
@  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

l/V  =  0.8  V  Max.,  V[H  =  2V  Min. 
CMOS  Input  Compatibility 

/,  <  1  fjA  @  Vol,  V0h 


LOGIC  DIAGRAM 


TO  7  OTHER 
CIRCUITS 


I-38342 
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Technical  Data 


CD54/74HC533,  CD54/74HCT533 
CD54/74HC563,  CD54/74HCT563 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)  -0  5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,K  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0  5  V)    ±  20  mA 

DC  OUTPUT  DIODE  CURRENT.  I0k  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)    ±  20  mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  Vo  <  Vcc  +0  5  V)   ±  35  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice):  +  70  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40  to  +60°C  (PACKAGE  TYPE  E)  500  mW 

For  T,  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T.  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mwrc  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F.  H   -55to+125°C 

PACKAGE  TYPE  E,  M   -40to+85°C 

STORAGE  TEMPERATURE  (T,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  +  1/32  in  (1.59  +  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm)  with  solder  contacting  lead  tips  only  +300°C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:" 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vm,  Vout 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times,  t„  ti 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


22.  vcc 

OE-L 

22.vCc 

00  — 

Jig? 

00^ 

Jloo 

D7 

D1-2 

^61 

D1  - 

—  06 

D2^- 

^dl 

Ql  — 

»  06 

03^ 

^03 

5i-^ 

^-65 

D4  -1 

^•<5 

02^- 

a  05 

7 

D5  — 

^05 

D3 

^06 

63 

D7^ 

GND-12 

GND  —J 

12-B 

CD54/74HC533,  CDS4/74HCT533 
TERMINAL  ASSIGNMENT 


CD54/74HC563,  CD54/74HCTS63 
TERMINAL  ASSIGNMENT 
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STATIC  ELECTRICAL  CHARACTERISTICS 


rutDtrirDicTif1 
LMAHAL  1  CnlaTIl* 

CD74HCS33/CD54HC533 
CD74HC563/CDS4HCS63 

C  D74HCT533/C  DS4HCT533 
CD74HCT563/CD54HCT563 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 
mA 

Vcc 
V 

+2S°C 

-40/ 
+8S'>C 

-55/ 

V, 
V 

Vcc 
V 

+25°C 

-40/ 
+85-C 

-55/ 
+125°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Mil 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  Vim 

2 

1  5 

- 

- 

1.5 

- 

1.5 

- 

4.5 
to 
55 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3  15 

- 

3  15 

- 

6 

4.2 

- 

- 

4.2 

- 

4  2 

- 

Low-Level 

Input  Voltage  V,L 

2 

- 

0.5 

- 

0.5 

- 

0.5 

4.5 
to 
5.5 

0.8 

0.8 

0.8 

V 

45 

- 

- 

1.35 

- 

1.35 

- 

1.35 

6 

- 

- 

1.8 

- 

1.8 

- 

1.8 

High-Level 

Output  Voltage  Vom 
CMOS  Loads 

Vu. 
or 

Mm 

-0.02 

2 

1.9 

- 

- 

19 

- 

19 

- 

V,L 

or 

V,H 

4.5 

44 

44 

44 

V 

4.5 

4.4 

- 

4.4 

- 

4.4 

6 

5.9 

59 

5  9 

TTL  Loads 
(Bus  Driver) 

VlL 

or 

V|H 

-6 

V|L 

or 
V,„ 

4.5 

398 

384 

37 

V 

4  5 

3  98 

3.84 

3.7 

-7.8 

6 

5.48 

5.34 

52 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

VlL 

or 

Vm 

002 

2 

- 

0.1 

0.1 

0  1 

Vu 
or 

Vih 

45 

0.1 

0  1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0  1 

0  1 

TTL  Loads 
(Bus  Driver) 

V,L 

or 
v,„ 

6 

V,L 

or 

V,„ 

45 

026 

033 

04 

V 

4.5 

0.26 

033 

0.4 

7.8 

6 

026 

0.33 

04 

Input  Leakage 
Current  It 

Vcc 
or 
Gnd 

6 

+0  1 

+1 

±1 

Any 
Voltage 
Between 

Vcc 
& 

Gnd 

5.5 

+0.1 

±1 

+1 

//A 

Quiescent 
Device 

Current  Ice 

Vcc 
or 

Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

«A 

Additional 
Quiescent 
Device  Current 
per  input  pin: 
1  unit  load  Alec' 

Vcc  -2.1 

4.5 
to 
55 

too 

360 

450 

490 

«A 

3-State  Leakage 
Current 

Ice 

V,L 

or 
V,„ 

V.=Vcc 
or 
Gnd 

6 

±0.5 

±5.0 

±10 

V,L 

or 
V,„ 

55 

±0.5 

±5.0 

±10 

WA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5  5  V)  specification  is  1 .8  mA 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

DO-D7 

0.15 

LE 

0.30 

OE 

0.55 

•Unit  load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  j/A  max.  @  25°C. 
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 Technical  Data 

CD54/74HC533,  CD54/74HCT533 
CD54/74HC563,  CD54/74HCT563 


SWITCHING  CHARACTERISTICS  (Vcc=5  V,  Ta=25°C,  Input  t,t,=6  n») 


k 

TYPICAL  VALUES 

rUADArTCDICTir 
bHAKAU  1  Cmo  1  IL. 

HC 

HCT 

UNI  1  9 

(pF) 

533 

563 

533 

563 

Propagation  Delay  Data  to  Qn  Output 

Fig.  3 

tpLH 
tpHL 

15 

13 

12 

14 

12 

Propagation  Delay  CE  to  Qn  Output 
Fig.  4 

tpLH 
tpHL 

15 

14 

13 

16 

14 

ns 

Output  High  Z  to  High  Level,  Fig,  6 

tpzH 

15 

12 

12 

14 

14 

Output  High  Z  to  Low  Level,  Fig.7 

tpZL 

15 

12 

12 

1 4 

1 4 

Output  High  Level  to  High  Z,  Fig.  6 

tpHZ 

15 

12 

12 

Output  Low  Level  to  High  Z,  Fig.  7 

tptz 

15 

12 

12 

12 

14 

Power  Dissipation  Capacitance 

Cpd* 

42 

42 

42 

42 

PF 

*Cpd  determines  the  no-load  dynamic  power  consumption  per  latch.  It  is  obtained  by  the  following  relationship: 
Pd  (total  power  per  latch)  «  Cpd  VCcz  fi  + 1  G.  Vcc2  fo  where  1,  =  input  frequency 

fo  =  output  frequency 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage. 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

CHARACTERISTIC 

TEST 

25 

"C 

-40°Cto+85°C 

-55°  to  +125°C 

CONDITION 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

^cc 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

LE  Pulse  Width  tw 

2 

80 

100 

120 

(Fig.  4) 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 

17 

20 

Set-up  Time  tsu 

2 

50 

65 

75 

Data  to  LE 

4.5 

10 

10 

13 

13 

15 

15 

ns 

(Fig.  5) 

6 

9 

11 

13 

Hold  Time  t» 

2 

35 

45 

55 

Data  to  LE  533 

4.5 

7 

8 

9 

10 

11 

12 

ns 

(Fig.  5) 

6 

6 

8 

7 

563 

2 

4.5 

4 
4 

5 

4 
4 

5 

4 
4 

5 

ns 

6 

4 

4 

4 

TRUTH  TABLE 


Data 

Q 

Output 

Output 
Enable 

Latch 
Enable 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

I 

H 

L 

L 

h 

L 

H 

X 

X 

Z 

Note: 

L  =  Low  voltage  level 

H  =  High  voltage  level 

I  =  Low  voltage  level  one  set-up  time 

prior  to  the  high  to  low  latch  enable  transition 
h  =  High  voltage  level  one  set-up  time 

prior  to  the  high  to  low  latch  enable  transition 
X  =  Don't  care 
Z  =  High  impedance  state 
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Technical  Data   

CD54/74HC533,  CD54/74HCT533 
CD54/74HC563,  CD54/74HCT563 


SWITCHING  CHARACTERISTICS  (CL  =  SO  pF,  Input  tr,t|  =  6  ns) 


LIMITS 

TEST 

+25°  C 

-40°Cto  +85°  C 

-55°Cto  +125 

•c 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

vcc  (v) 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tpLH 

2 

— 

165 

— 

— 

205 

250 

Data  to  Qn 

tPHL 

4.5 

— 

33 

— 

34 

— 

41 

— 

43 

— 

50 

51 

ns 

533 

6 

— 

28 

— 

— 

35 

43 

tpLH 

2 

— 

175 

— 

— 

220 

— 

265 

"LE  to  Qn 

tPHL 

4.5 

35 

— 

38 

44 

48 

53 

57 

ns 

533 

6 

30 

37 

45 

Enable  Times 

tPZH 

2 

— 

150 

— 

— 

— 

190 

— 

225 

tpZL 

4.5 

— 

30 

— 

35 

— 

38 

— 

44 

— 

45 

— 

53 

ns 

533 

6 

26 

33 

38 

Disable  Times 

tpHZ 

2 

— 

150 

— 

190 

- 

- 

225 

- 

- 

tpLZ 

4.5 

30 

30 

38 

38 

45 

45 

ns 

533 

6 

26 

33 

38 

Propagation  Delay 

tpLH 

2 

150 

190 

225 

Data  to  Qn 

tPHL 

4.5 

30 

30 

38 

38 

45 

45 

ns 

563 

6 

26 

33 

38 

tpLH 

2 

165 

205 

250 

LEtoQn 

tPHL 

4.5 

33 

35 

41 

44 

50 

53 

ns 

563 

6 

28 

35 

43 

Enable  and      tPZH  <pzl 

2 

150 

190 

225 

Disable  Times  tpHz,  tPLz 

4.5 

30 

35 

38 

44 

45 

53 

ns 

563 

6 

26 

33 

38 

Input  Capacitance 

Ci 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

PF 

422 


Technical  Data 


CD54/74HC533,  CD54/74HCT533 
CD54/74HC563,  CD54/74HCT563 


INPUT 
LEVEL 


ATA  / 


On  |\ 


X 


J  V 


INPUT  LEVEL 


*"    ""I      \*~  1  PL  H 

VS 


-10% 

-90  v. 


TLH 
10% 


—H  l^'THL 

92CS-38344 


92CS- 38343 


54/74HC 

54/74HCT 

54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Input  Level 

Vcc 

3V 

Vs 

50%  Vcc 

1.3V 

Vs 

50%  Vcc 

1.3V 

Fig.  3  —  Data  to  Qn  output  propagation  delays  and 
output  transition  times. 


Fig.  4  —  Latch  enable  propagation  delays. 


sutLl 


92CS-38345 


INPUT  LEVEL- 

OE  VS 


-Vs 


All  Other  Inputs 
Tied  High 
or  Low 


OE  - 
INPUT 


OUTPUT 
Qn       I  K 

-±-  50pF  — 


92CS-37I35 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

V, 

50%  Vcc 

1.3  V 

54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Vs 

50%  Vcc 

1.3  V 

V, 

50%  Vcc 

1.3  V 

V. 

90%  Vcc 

4,15  V 

Fig.  5  —  Latch  enable  pre-requisite  times. 


Fig.  6  -  3-state  propagation  delays. 


INPUT   LEVEL  • 
OE 


-vs  o, 

All  Other  Inputs 
L__,  Tied  High 

or  Low 

"OE 
INPUT 


OUTPUT 
IK 


— f^WVO 

±50  PF 


VCC 


92CS-37I36 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

V, 

50%  Vcc 

1.3  V 

V, 

50%  Vcc 

1.3  V 

V. 

10%  Vcc 

0.45  V 

Fig.  7  —  3-state  propagation  delays. 


■  I  !  I 


High-Speed  CMOS  Logic 


Do  — 

 0.0 

Di- 

— Ol 

az— 

—  02 

°3  — 

—  03 

D4  — 

—  04 

D5  — 

—  05 

°6  — 

—  Qi 

D7  

—  07 

CP  

9205-38414 

Octal  D-Type  Flip-Flop,  3-State,  Inverting 

Positive-Edge  Triggered 


FUNCTIONAL  DIAGRAM 


Type  Features: 

■  Common  3-state  output-enable  control 

■  Buffered  inputs 

■  3-State  outputs 

■  Bus  line  driving  capability 

■  Typical  propagation  delay  =  13  ns  @  Vc< 
(clock  to  output) 


=  9K  CL  =  15pF,  U  =  25°C 


The  RCA-CD54/74HC534,  564  and  CD54/74HCT534,  564 
are  high  speed  OCTAL  D-TYPE  FLIP-FLOPS  manufactured 
with  silicon  gate  CMOS  technology.  They  possess  the  low 
power  consumption  of  standard  CMOS  integrated  circuits, 
as  well  as  the  ability  to  drive  15  LSTTL  loads.  Due  to  the 
large  output  drive  capability  and  the  3-STATE  feature,  these 
devices  are  ideally  suited  for  interfacing  with  bus  lines  in  a 
bus  organized  system.  The  two  types  are  functionally  iden- 
tical and  differ  only  in  their  pinout  arrangements. 

The  CD54/74HC534,  564  and  CD54/74HCT534,  564  are 
positive  edge  triggered  flip-flops.  Data  at  the  D  inputs, 
meeting  the  setup  and  hold  time  requirements,  are  inverted 
and  transferred  to  the  Q  outputs  on  the  positive  going  tran- 
sition of  the  CLOCK  input.  When  a  high  logic  level  is  applied 
to  the  OUTPUT  ENABLE  input,  all  outputs  go  to  a  high 
impedance  state,  regardless  of  what  signals  are  present  at 
the  other  inputs  and  the  state  of  the  storage  elements. 

The  CD54/74HCT  logic  family  is  speed,  function,  and  pin 
compatible  with  the  standard  54LS/74LS  logic  family. 

The  CD54HC  and  CD54HCT  devices  are  supplied  in 
20-lead  hermetic  dual-in-line  ceramic  packages  (F  suffix). 
The  CD74HC  and  CD74HCT  devices  are  supplied  in 
20-lead  dual-in-line  plastic  packages  (E  suffix)  and  in 
20-lead  dual-in-line  surface  mount  plastic  packages  (M 
suffix).  Both  types  are  also  available  in  chip  form  (H  suffix). 

1  OF  8  IDENTICAL  CIRCUITS 
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Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  —  10  LSTTL  Loads 
Bus  Driver  Outputs  —  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity: 

N,l_=30%,NM  =  30%ot  Vcc,  @VCC  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  VMax.,  V„  =  2VMin. 
CMOS  Input  Compatibility 

l,<1liA@  Vol,  Voh 


d>h>:t^> 


i  a 


OVCC 


0°n 


Fig.  1  -  Logic  diagram. 
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Technical  Data 


CD54/74HC534,  CD54/74HCT534 
CD54/74HC564,  CD54/74HCT564 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,K  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)   +  20  mA 

DC  OUTPUT  DIODE  CURRENT.  Iok  (FOR  Vo  <  -0.5  V  OR  Vo  >  V,.c  (-0  5  V)   ±  20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  Vo  <  Vcc  F0.5  V)   ±  35  mA 

DC  Vcc  OR  GROUND  CURRENT  (lcc):  ±  70  mA 

POWER  DISSIPATION  PER  PACKAGE  (Po>: 

For  T.  =  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  T«  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  T,  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  4  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°  C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°  C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H  -55  to  +  125°C 

PACKAGE  TYPE  E,  M  -40  to  +85  C 

STORAGE  TEMPERATURE  (T„g)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  +  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vi,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times,  t„  t( 

at2V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


TRUTH  TABLE 


Inputs 

Output 

OE 

CP 

Dn 

On 

L 

H 

L 

L 

L 

H 

L 

L 

X 

No  Change 

H 

X 

X 

Z 

Note: 

X=Don  t  care 

Z=High  impedance  state 

^=Low-to-High  transition 


of-i 

St  vcc 

oi 

1 

^  vcc 

°H 

DO 

DO^ 

D1 

V 

Jioi 

D1  -± 

a  „ 

02 

A 

a  is 

Si  -1 

&  06 

D3 

s 

—  55 

oi± 

OA 

^51 

02  ± 

D5 

7 

Hoi 

D3-2- 

aM 

06 

_8_ 

iioe 

55  4 

D7 

_9_ 

2-5! 

11  — 

—  CP 

GND 

10 

11  CP 

Top  View 
CD54/74HC,  HCT534  Types 
TERMINAL  ASSIGNMENT 


Top  View 
CD54/74HC,HCT564  Types 
TERMINAL  ASSIGNMENT 
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Technical  Data  

CD54/74HC534,  CD54/74HCT534 
CD54/74HC564,  CD54/74HCT564 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC534/CD54HC534 
CD74HC564/CD54HC564 

CD74HCT534/CD54HCT534 
CD74HCTS64/CD54HCT564 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 

Vcc 

+25"C 

-40/ 
±85°C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25">C 

-40/ 
+85°C 

-55/ 

Typ 

Min 

Typ 

Mai 

Min 

Mai 

Min 

Mai 

High-Level 

Input  Voltage  ViH 

1.5 

— 

— 

1.5 

— 

15 

— 

- 

4  5 
to 

5.5 

2 

2 

2 

V 

3.15 

— 

— 

3  15 

— 

3  15 

— 

4.2 

— 

— 

4.2 

— 

4.2 

— 

Low-Level 

Input  Voltage  V(L 

— 

— 

0.5 

— 

0.5 

— 

0.5 

- 

to 

5  5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

18 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

VlL 

or 
Vim 

-0  02 

2 

1  9 

1.9 

1.9 

VlL 

or 
V,„ 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4  -l 

6 

59 

- 

- 

5.9 

- 

5.9 

- 

TTL  LoaOs 
{Bus  Driver) 

Vil 
or 
V,„ 

VlL 

or 
v,„ 

4.5 

3.98 

3.84 

3  7 

V 

-6 

4  5 

3.98 

384 

3  7 

-7.8 

6 

5.48 

5.34 

52 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Vil 
or 
Vi„ 

002 

2 

0  1 

0  1 

0  1 

Vil 

or 

V)H 

4.5 

0.1 

0  1 

0.1 

V 

4.5 

0.1 

0  1 

0  1 

6 

0.1 

0  1 

0.1 

TTL  Loads 
(Bus  Driver) 

V,L 

or 
V,„ 

Vil 
or 

V,H 

4.5 

0.26 

0.33 

04 

V 

6 

4  5 

026 

0.33 

0.4 

7  8 

6 

0  26 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
& 

Gnd 

55 

±0.1 

±1 

±1 

</A 

Quiescent 
Device 

Current  Ice 

Vcc 
or 

Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

tiA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 

Vcc  -2.1 

45 
to 

5.5 

100 

360 

450 

490 

pA 

3-State  Leakage 
Current  lev 

V,L 

or 
V,„ 

V„^V« 
or 
Gnd 

6 

±0.5 

±5.0 

±10 

V,L 

or 

VlH 

5.5 

±05 

±50 

±10 

/■A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  mA 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

Do—  D7 

0.15 

CP 

0.30 

Of 

0.55 

"Unit  Load  is  Alcc  limit  specified  in  Static  Characteristic  Chart,  e.g.,  360 /jA  max.  @  25°C. 
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Technical  Data 


CD54/74HC534,  CD54/74HCT534 
CD54/74HC564,  CD54/74HCT564 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25° C,  Input  t„  I,  =  6  ns) 


CHARACTERISTIC 

c 

TYPICAL 

1 IMITC 
U  PI  1  1  o 

(PF) 

HC 

HCT 

Propagation  Delay 
Clock  to  Q 

tpLH 
tpHL 

15 

13 

14 

ns 

Propagation  Delay 
Output  Disable  to  Q 

tpLZ 
tptHZ 

15 

12 

12 

ns 

Propagation  Delay 
Output  Enable  to  Q 

tpZL 
tpZH 

15 

12 

14 

ns 

Maximum  Clock  Frequency 

15 

60 

50 

MHz 

Power  Dissipation  Capacitance" 

Cpo 

32 

36 

PF 

Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 

Pd  =  Cpd  VCc2fi  +  2  Cl  VCc2fo  where:  Fi  =  input  frequency  U  =  output  frequency, 

CL  =  output  load  capacitance,  Vcc  =  supply  voltage. 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

CHARACTERISTIC 

TEST 

25°  C 

-40°  C  to  +85°  C 

-55°  C  to  +125°  C 

CONDITION 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Maximum  Clock 

2 

6 

5 

4 

Frequency  fma> 

4.5 

30 

25 

25 

20 

20 

16 

MHz 

6 

35 

29 

23 

Clock  Pulse  Width  t* 
Fig.  2 

2 

4.5 
6 

80 
16 
14 

20 

100 
20 

17 

25 

120 
24 
20 

30 

ns 

Set-up  Time 

2 

60 

75 

90 

Data  to  Clock 

4.5 

12 

20 

15 

25 

18 

30 

ns 

Fig.  3  tsu 

6 

10 

13 

15 

Hold  Time 

2 

5 

5 

5 

Data  to  Clock  534 

45 

5 

5 

5 

5 

5 

5 

ns 

Fig.  3  tH 

6 

5 

5 

5 

2 

5 

5 

5 

564 

4.5 

5 

3 

5 

3 

5 

3 

ns 

6 

5 

5 

5 
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"Switching  characteristics  (c  =  so  pF,  input  i„  t,  6  ns) 


CHARACTERISTIC 

TEST 
CONDITION 

Vcc 

V 

25°C 

-40°C  to  +85°C 

-55°Cto+125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

S4HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay  tPLH 
Clock  to  Output  tpHL 
Fig.  2 

2 

4.5 
6 

165 
33 
28 

35 

205 
41 
35 

44 

250 
50 
43 

53 

ns 

Propagation  Delay  tPLz 
Output  Disable 

tO  Q  tpHZ 

Fig.  4  534 

2 

4.5 
6 

— 

150 
30 
26 

— 

30 

- 

190 
38 

33 

- 

38 

- 

225 
45 
38 

- 

45 

ns 

Propagation  Delay  tPLZ 
Output  Disable 

tO  Q  tpHZ 

Fig.  4  564 

2 

4.5 
6 

— 

135 
27 
23 

— 

30 

— 

170 
34 
29 

— 

38 

— 

205 

41 

35 

- 

45 

ns 

Propagation  Delay  tPZL 
Output  Enable 

tO  Q  tPZH 

Fig.  4 

2 

4.5 
6 

- 

150 
30 
26 

- 

35 

- 

190 
38 
33 

- 

44 

- 

225 
45 
38 

- 

53 

ns 

Output  Transition  Itlh 
Time  tTm. 
Fig.  2 

2 

4.5 
6 

60 
12 
10 

12 

75 
15 
13 

15 

90 
18 
15 

18 

ns 

Input  Capacitance  O 

10 

10 

10 

10 

10 

10 

pF 

3-State  Output 
Capacitance  ° 

20 

20 

20 

20 

20 

20 

PF 

3  -  10%  / 


INPUT 
LEVEL 


IS 


—  /-  90  7. 


J 


-th(H> 


vs 


»  'TLH 

9ZCS-3844E 


92CS-  36954 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

50%  Vcc 

1.3  V 

I    54/74  HC 

54/74HCT 

Input  Level  Vcc 

3  V 

V,         |     50%  Vcc 

1.3  V 

Fig.  2—  Clock  lo  output  delays  and  clock  pulse  width. 

-tr=6ns  — »■  tf=6ns 


Fig.  3  — Data  set-up  and  hold  times. 


OUTPUT 
LOW  TO  OFF 


'PLZ-* 


V  90  % 

-t  vs 

■-\  '0% 


OUTPUT  HIGH 
TO  OFF 


OUTPUTS 
CONNECTED 


 90  % 


OUTPUTS 
DISCONNECTED 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

v. 

50%  Vcc 

1.3  V 

OUTPUTS 
CONNECTED 


92CS-38407 

Fig.  4—  Transition  times  and  propagation  delay  times. 
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Technical  Data 


File  Number  1659 


CD54/74HC540,  CD54/74HCT540 
CD54/74HC541,  CD54/74HCT541 


High-Speed  CMOS  Logic 


AO-* 

•1-1 

A2-^- 

A3-^ 

^-Y3 

A4-5- 

^-V4 
■15- Y5 

AS-Zj 

A6—1 

-t*-Y6 

A7— i 

-U-Y7 

oil 

1|  19| 

OE2  | 

92CS 

FUNCTIONAL  DIAGRAM 


Octal  Buffer  and  Line  Drivers, 
3-State 

Type  Features: 

■  540  Inverting 

■  547  Non-Inverting 

■  Buffered  Inputs 

■  3-State  Outputs 

■  Bus  Line  Driving  Capability 

■  Typical  Propagation  Delay  =  9  ns 
@Vcc  =  5  V,  Cl  =  15pF,  fA  =  25°  C 


The  RCA-CD54/74HC540  and  CD54/74HCT540  are  Invert- 
ing Octal  Buffers  and  Line  Drivers  with  3-State  Outputs 
and  the  capability  to  drive  15  LSTTL  loads.  The  RCA- 
CD54/74HC541  and  CD54/74HCT541  are  Non-Inverting 
Octal  Buffers  and  Line  Drivers  with  3-State  Outputs  that 
can  drive  15  LSTTL  loads.  The  Output  Enables  (OE1)  and 
(OE2)  control  the  3-State  Outputs.  If  either  OE1  orOE2  is 
HIGH  the  outputs  will  be  in  the  high  impedance  state.  For 
data  output  OE1  and  OE2  both  must  be  LOW. 

The  CD54HC  and  CD54HCT  devices  are  supplied  in 
20-lead  ceramic  dual-in-line  packages  (F  suffix).  The 
CD74HC  and  CD74HCT  devices  are  supplied  in  20-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  20-lead 
dual-in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:   -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HCICD74HC  Types: 

2  ro  6  V  Operation 
High  Noise  Immunity: 

W,L  =  30%,  Nm  =  30%  of  VcC  @Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max..  Vm  =  2V  Min. 
CMOS  Input  Compatibility 

;,  <  7  uA@  Vol,  I/oh 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

OE1 

OE2 

An 

HC/ 

HC/ 

HCT540 

HCT541 

L 

L 

H 

L 

H 

H 

X 

X 

Z 

Z 

X 

H 

X 

Z 

Z 

L 

L 

L 

H 

L 

H  =  HIGH  Voltage  Level 
L  =  LOW  Voltage  Level 
X  =  Immaterial 
Z  =  High  Impedance 
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Technical  Data 


CD54/74HC540,  CD54/74HCT540 
CD54/74HC541,  CD54/74HCT541 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l„  (FOR  V,  <  -0.5  V  OR  V,  >  VCc  -0.5V)    +  20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V0  <  -0.5  V  OR  V0  >  Vcc  -0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  -  0.5V)    ±35mA 

DC  Vcc  OR  GROUND  CURRENT,  PER  PIN  (lCc)   ±70mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  T,  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  --  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T.  =  +100  to  -125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  m W/°  C  to  300  mW 

For  Ta  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  -  -70  to  *125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/° C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H   -55  to  -125°C 

PACKAGE  TYPE  E.  M   -40  to  -85"C 

STORAGE  TEMPERATURE  (T,„)  -65  10  ■  150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING) 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


HC7HCT  HC/HCT 
541  540 


0E2O  


*2o — C> — D>rT 


GNO  VCC 

O10  Q2C 


INVERTERS t 
NOT  IN  — 1 
HC/HCT540 


K_  GND 


_  GND 

9£CS-38  504H3 


Fig.  1  —  Logic  diagram  for  the  CD54/74HCHCT  540  &  541 
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Technical  Data 


CD54/74HC540,  CD54/74HCT540 
CD54/74HC541,  CD54/74HCT541 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC540/CO54HC540 
CD74HC541/CD54HC541 

CD74HCT540/CD54HCT540 
CD74HCT541/CD54HCT541 

CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74KCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

UNITS 

V, 
V 

mA 

Vcc 

V 

♦25°  C 

-40/ 
+85"  C 

-55/ 
♦  125"C 

V, 
V 

Vcc 
V 

25°  C 

-40/ 
+85°  C 

-55/ 
♦  125°C 

Mln 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

2 

15 

— 

1  5 

1.5 

4.5 

Input  Voltage  V,H 

45 

3  15 

- 

3.15 

3.15 

- 

to 

2 

- 

- 

2 

2 

V 

6 

4  2 

— 

4  2 

42 

55 

Low-Level 

2 

0.5 

0.5 

0.5 

4.5 

Input  Voltage  V» 

45 

1  35 

1.35 

1.35 

— 

to 

-  - 

- 

0.8 

0.8 

0  8 

V 

6 

- 

18 

1.8 

18 

55 

High-Level 

v„ 

2 

19 

— 

1  9 

19 

v» 

Output  Voltage  V0„ 

or 

-0  02 

4.5 

4.4 

4.4 

4.4 

or 

4  5 

4  4 

44 

4.4 

V 

CMOS  Loads 

V„ 

6 

59 

- 

59 

59 

V„ 

V* 

v,L 

TTL  Loads 

or 

-6 

45 

3  98 

— 

3  84 

3  7 

or 

4  5 

3  98 

— 

- 

3  84 

3  7 

V 

(Bus  Driver) 

v,„ 

-r  8 

6 

5  48 

- 

5.34 

52 

V,„ 

Low-Level 

V,. 

2 

0  1 

0  1 

0  1 

v„ 

Output  Voltage  VD. 

or 

0  02 

45 

0  1 

0  1 

0  1 

or 

4  5 

0  1 

0  1 

0  1 

V 

CMOS  Loads 

Vh 

6 

0  1 

0  1 

01 

V,„ 

v. 

V,. 

TTL  Loads 

or 

6 

4  5 

0  26 

033 

04 

or 

4.5 

_ 

- 

0  26 

0.33 

04 

V 

(Bus  Driver) 

v,„ 

7  8 

6 

0.26 

0.33 

0  4 

V,„ 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

•0.1 

♦  1 

♦1 

Any 
Voltage 
Between 

Vcc 
&Gnd 

55 

=0  1 

;1 

ll 

//A 

Quiescent 

V 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

tjA 

Current  lcc 

Gnd 

Gnd 

Additional 

Ouiescent 

Device  Current 

per  input  pin 

1  unit  load  Alec* 

Vcc-2  1 

4  5 
to 

5  5 

100 

360 

450 

490 

ply 

3-State 

V. 

V  =  VCc 

V. 

Leakage  Current 

loi 

or 
V,„ 

or 
Gnd 

6 

rf)5 

:5  0 

110 

or 
v.„ 

55 

?05 

:5  0 

:10 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1.8  mA. 

HCT  Input  Loading  Tables 


CD54/74  HCT  540 

Input 

Unit  Loads* 

AO  —  A7 

1 

OE2 

0.75 

OE1 

1.15 

CD54/74  HCT  541 

Input 

Unit  Loads* 

Ao  —  A7 

0.4 

OE2 

0.75 

OE1 

1.15 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g..  360 /iA  max.  @  25°C.  
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RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,N,  VOUt 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times  t,,  t( 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°  C,  Input  t„t,=6  ns) 


CHARACTERISTIC 

Ci, 
(PF) 

TYPICAL 

UNITS 

540 

541 

HC 

HCT 

HC 

HCT 

Propagation  Delay 

Data  to  Output 

tpHL  tpLH 

15 

9 

9 

9 

11 

ns 

Output  Enable  and  Disable  to  Outputs 

tpZH,  tpZL,  tpHZ,  tpLZ 

15 

13 

14 

14 

14 

ns 

Power  Dissipation  Capacitance* 

Cpd 

50 

55 

48 

55 

PF 

*CPD  is  used  to  determine  the  dynamic  power  consumption  per  channel. 
PD=VCcM,  (Cpd  +  Cl) 
fi  =  input  frequency, 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (Cl=50  pF,  Input  tr,t,=6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°  C  to  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

110 

140 

165 

Data  to  Outputs 

tpHL 

4.5 

22 

24 

28 

30 

33 

36 

ns 

HC/HCT  540 

6 

19 

24 

28 

Propagation  Delay 

tpLH 

2 

115 

145 

175 

Data  to  Outputs 

tpHL 

4.5 

23 

28 

29 

35 

35 

42 

ns 

HC/HCT541 

6 

20 

25 

30 

Propagation  Delay 

tpZH,  tpZL, 

2 

160 

200 

240 

Output  Enable  and 

tpHZ, 

4.5 

32 

35 

40 

44 

48 

53 

ns 

Disable  to  Outputs 

tpLZ 

6 

27 

34 

41 

Output  Transition 

t"TLH 

2 

60 

75 

90 

Time 

tTHL 

4.5 

12 

12 

15 

15 

18 

18 

ns 

6 

10 

13 

15 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

PF 

432 


Technical  Data 


CD54/74HC540,  CD54/74HCT540 
CD54/74HC541,  CD54/74HCT541 


^-tf  -6ns 


INPUT 

level  — h  jr- 


MTHL 


HC/HCT  540 


'  PHL  " 
'  PLH  " 


HC/HCT54I 


—   90 

 \  «S 

  ,  10' 


907. 

'S 
0% 


.  


TLH 
90% 

 Vs 

10% 


'  PLH 
PHL 

-  -  90% 


THL 

92CS-38394HI 


■m—1,  =  6ns  — 

1  /  \\  90  * 

 - 1  —  \  I  0  % 


ou  rpuT 

LOW  TO  OFF 


OUTPUT  HIGH 
TO  OFF 

OUTPUTS 
CONNECTED 


If'  6  ns 

 90  % 


"~'PZH"" 


 90  % 


OUTPUTS 
DISCONNECTED 


OUTPUTS 
CONNECTED 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  3  —  Transition  times  and  propagation  delay  times. 


OTHER 
INPUTS  " 
TIEO  HIGH  OR  LOW 


OUTPUT 
DISABLE 


IC  WITH 
3-STATE 
OUTPUT 


-w. — O 


50  pF 


Vcc  tor  tp|_z  OM  lpZL 


92CS-35I30R3 


Fig.  4  —  Three-state  propagation  delay  test  circuit. 
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CD54/74HC,  HCT540  Types 
TERMINAL  ASSIGNMENT 


CD54/74HC,  HCT541  Types 
TERMINAL  ASSIGNMENT 


Technical  Data , 


CD54/74HC583 
CD54/74HC583 


File  Number  1828 


High-Speed  CMOS  Logic 


AO- 

ao- 

A1 
B1  ■ 
A2- 
B  2  ■ 
A3 
B3  • 
Cn  " 


13 

12 

14 

1 

15 

2 

4 

3 

5 

 C„»4 

VCC  *  16 
GNO'8 


SZCS-40HI 


4-Bit  BCD  Full  Adder  With  Fast  Carry 


Type  Features: 

■  Adds  two  decimal  numbers 

■  Full  internal  lookahead 

■  Fast  ripple  carry  for  economical  expansion 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC583  and  CD54/74HCT583  are  binary- 
coded-decimal  (BCD)  full  adders  that  add  two  4-bit  BCD 
numbers  and  generate  a  carry-out  bit  if  the  sum  exceeds  9. 

The  CD54HC/HCT583  are  supplied  in  16-lead  hermetic 
dual-in-line  frit  seal  ceramic  packages  (F  suffix).  The 
CD74HC/HCT583  are  supplied  in  16-lead  dual-in-line  plastic 
packages  (E  suffix)  and  in  16-lead  dual-in-line  surface 
mount  plastic  packages  (M  suffix).  Both  types  are  also 
available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  Nil  =  30%,  Nm  =  30% 
of  Vcc,  @  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V«_  =  0.8  V  Max.,  Vm  =  2VMin. 
CMOS  Input  Compatibility 

h<1„A@  Vol,  Voh 


^  ,6 

B1   

1 

 VCC 

B2   

2 

15 

 A2 

B3   

3 

14 

  A1 

A3   

4 

13 

  AO 

Cn   

5 

1  2 

  BO 

C„  +  4   

6 

1 1 

  SO 

S2  

7 

10 

 SI 

GNO  

8 

9 

  S3 

TOP  VIEW 


sacs-  «oii2 

TERMINAL  ASSIGNMENT 


Technical  Data 


CD54/74HC583 
CD54/74HC583 


Fig.  1  -  Logic  diagram. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  1ft  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +  0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (lCc)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40  to  +60"  C  (PACKAGE  TYPE  E)  500  mW 

For  T»  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  T,  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  T»  =  -40  to  +70°C  (PACKAGE  TYPE  M)  400  mW 

For  T«  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  F,  H   -55  to  +125°C 

PACKAGE  TYPE  E.  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.„)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

ouppiy  vouage  nange  \ror  ia~  run  racKage- 1  emperaiure  nang*?;  vcc. 
CD54/74HC  Types 

2 

6 

v 

L<uo4//4ML  [  types 

4.5 

5.5 

V 

input  or  uutput  voltage  vi,  vo 

0 

Vcc 

w 
V 

Operating  Temperature  Ta; 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times,  t,,  ft 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC583/C054HC583 

CD74HCT583/C054HCT583 

TEST 

74HC/54HC 

74HC 

54HC 

TEST 

74HCT/54HCT 

74HCT 

54HCT 

CONDITIONS 

TYPES 

TYPES 

TYPES 

CONDITIONS 

TYPES 

TYPES 

TYPES 

UNITS 

V, 

lo 

Vcc 

25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 

Vcc 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V 

mA 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

V 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-level 

2 

1.5 

1.5 

1.5 

4.5 

Input  Voltage 

V,„ 

4.5 

3.15 

3.15 

3.15 

to 

2 

2 

2 

V 

6 

4.2 

4.2 

4.2 

5.5 

Low-Level 

2 

0.5 

0.5 

0.5 

4.5 

Input  Voltage 

V,u 

4.5 

1.35 

1.35 

1.35 

to 

0.8 

0.8 

0.8 

V 

6 

1.8 

1.8 

1.8 

5.5 

High-Level 

Vlt. 

2 

1.9 

1.9 

1.9 

V,L 

Output  Voltage 

Vo» 

or 

-0.02 

4.5 

4.4 

4.4 

4.4 

or 

4.5 

4.4 

4.4 

4.4 

V 

CMOS  Loads 

Vi„ 

6 

5.9 

59 

5.9 

V,„ 

V,L 

V,l 

TTL  Loads 

or 

-A 

4.5 

3.98 

3.84 

3.7 

or 

4.5 

3.98 

3.84 

3.7 

V 

V,H 

-5.2 

6 

5.46 

5.34 

5.2 

V,„ 

Low-Level 

Vit 

2 

0.1 

0.1 

0.1 

V,L 

Output  Voltage 

Vol 

or 

0.02 

4.5 

0.1 

0.1 

0.1 

or 

4.5 

0.1 

0.1 

0.1 

V 

CMOS  Loads 

V,„ 

6 

0.1 

0.1 

0.1 

V,„ 

V,L 

V|L 

TTL  Loads 

or 

4 

4.5 

0.26 

0.33 

0.4 

or 

4.5 

0.26 

0.33 

0.4 

V 

V,„ 

5.2 

6 

0.26 

0.33 

0.4 

V,„ 

Input  Leakage 

Vcc 
or 
Gnd 

Any 

Current 

I, 

6 

±0.1 

±1 

±1 

Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

fA 

Quiescent 

Vcc 

Vcc 

Device  Current 

Ice 

or 
Gnd 

0 

6 

8 

80 

160 

or 
Gnd 

5.5 

8 

60 

160 

Additional 

4.5 
to 

5.5 

Quiescent  Device 
Current  per  input 

Vcc -2.1 

100 

360 

450 

490 

fA 

pin:  1  unit  load 

Alec' 

436   "For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vec  =  5.5  V)  specif  cation  is  1.8  mA. 


HCT  INPUT  LOADING  TABLE 


Technical  Data 


INPUT 

UNIT  LOADS  * 

All 

1.5 

*  Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 //A  max.  @  25°C. 

SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T*  =  25°  C,  Input  t„  t,  =  6  n«) 


CHARACTERISTIC 

TYPICAL  VALUES 

UNITS 

CL 
(pF) 

HC 

HCT 

Propagation  Delay, 
C„  to  Sn 

tpHL,  tpLH 

15 

24 

24 

A„  or  B„  to  S„ 

tpHL,  tpLH 

15 

23 

29 

ns 

C„  to  C  +  4 

tpHL,  tpLH 

15 

15 

18 

K,  or  B„  to  C„  +  4 

tpHL,  tpLH 

15 

16 

22 

Power  Dissipation  Capacitance  * 

CPD 

50 

54 

pF 

*CPD  is  used  to  determine  the  dynamic  power  consumption,  per  package 
Po  =  Vce2fi  (Cpo  +  Cl)  where:  fi  =  input  frequency 

CL  =  output  load  capacitance 
Vcc  =  supply  voltage 

SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


LIMITS 

TEST 

25°  C 

-40°C  to  +85°C 

-55 5  C  to  +125°C 

CHARACTERISTIC 

CONDITIONS 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Vcc 

V 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay,  tpLH 

2 

290 

365 

435 

tpHL 

4.5 

58 

58 

73 

73 

87 

87 

C„  to  S„ 

6 

49 

62 

74 

tPLH 

2 

280 

350 

420 

tPHL 

4.5 

56 

68 

70 

85 

84 

102 

A„  or  B„  to  S„ 

6 

48 

60 

71 

tPLH 

2 

180 

225 

270 

tPHL 

4.5 

36 

42 

45 

53 

54 

63 

ns 

C„  to  C„  +  4 

6 

31 

38 

46 

tPLH 

2 

195 

245 

295 

tPHL 

4.5 

39 

51 

49 

64 

59 

77 

A„  or  B„  to  Cn  +  4 

6 

33 

42 

50 

Transition  tTuH 

2 

75 

95 

110 

Time  tiHL 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input 
Capacitance 

10 

10 

10 

10 

10 

10 

pF 
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Technical  Data . 


CD54/74HC583 


INPUT 
LEVEL 


90%" 
OUTPUT  Vs 


r$5Z  Sir, 

vs  Or 

HL 


TLH 
9ZCS-36946RI 


54/74HC 

54/74HCT 

Input  Level 
■ 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Transition  and  propagation  delay  times 

Application 

In  an  application  where  a  binary  number  whose  decimal 
value  is  greater  than  9  is  to  be  added  to  a  BCD  number  (0-9), 
this  device  can  be  used  to  convert  the  binary  number  to  a 
BCD  number  and  a  carry.  The  resultant  BCD  +  carry  can 


then  be  added  to  the  other  BCD  operand  to  complete  the 
operation.  The  conversion  from  binary  to  BCD  is 
accomplished  by  adding  the  binary  number  to  BCD  "0" 
(binary  number  on  A0-A3  and  0000  on  B0-B3). 
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Technical  Data 


File  Number  1677 


CD54/74HC640,  CD54/74HCT640 
CD54/74HC643,  CD54/74HCT643 


High-Speed  CMOS  Logic 


AO  — 

t 
A1 
THRU 
A6 


Rl 


OUTPUT  ENABLE 
AND 

DIRECTION-SELECT 
LOGIC 


FUNCTIONAL  DIAGRAM 
INVERTING  HC/HCT640 


I 

-B7 


Octal  3-State  Bus  Transceivers 

Inverting  (HC/HCT640) 
True/Inverting  (HC/HCT643) 

Type  Features: 

■  3-state  outputs 

■  Buffered  inputs 

■  Applications  in  multiple-data-bus  architecture 


The  RCA-CD54/74HC640,  643  and  CD54/74HCT640,  643 
silicon-gate  CMOS  3-state  bidirectional  inverting  and  non- 
inverting  buffers  are  intended  for  two-way  asynchronous 
communication  between  data  buses.  They  have  high  drive 
current  outputs  which  enable  high-speed  operation  when 
driving  large  bus  capacitances.  These  circuits  possess  the 
low  power  dissipation  of  CMOS  circuits,  and  have  speeds 
comparable  to  low  power  Schottky  TTL  circuits.  They  can 
drive  15  LSTTL  loads. 

The  CD54/74HC640  and  CD54/74HCT640  are  inverting 
buffers;  the  CD54/74HC643  and  CD54/74HCT643  are 
true/inverting  buffers. 

The  direction  of  dataflow  (A  to  B,  B  to  A)  is  controlled  by  the 
DIR  input. 

Outputs  are  enabled  by  a  low  on  the  Output  Enable  input 
(OE);  a  high  OE  puts  these  devices  in  the  high  impedance 
mode. 

The  CD54HC640,  643  and  the  CD54HCT640,  643  are  sup- 
plied in  20-lead  hermetic  dual-in-line  ceramic  packages 
(F  suffix).  The  CD74HC640,  643  and  CD74HCT640,  643  are 
supplied  in  20-lead  dual-in-line  plastic  packages  (E  suffix) 
and  in  20-lead  dual-in-line  surface  mount  plastic  packages 
(M  suffix).  These  devices  are  also  supplied  in  chip  form 
(H  suffix). 

,  I  ~~f" 


Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  propagation  delay  and 
transition  times 

m  Significant  power  reduction  compared  to 
LSTTL  logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity:  N,L=  30%,Nm=30°lo  of  Vcc 
@  Vcc=5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

VIL=0.8  V  max.,  Vm=2  V  min. 
CMOS  input  compatibility 

I,  <  1  llA  @  Vol,  Voh 


OE 


ONE  OF  8  IDENTICAL  CIRCUITS 


2(3,4,5,6.7.8.9! 
AO 


18(17,16,15,14,13,12.11) 
 OB 


92CM-38389RI 


•INVERTER  ONLY  IN  HC/HCT643 


Fig.  1  -  Logic  diagram. 
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A6- 
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OE- 
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TRUTH  TABLE 


1Q  _T  


B1 


3^ 


• 


B5 


B6 


B7 


HC,  HCT640  Series 

HC,  HCT643  Series 

CONTROL 

DATA  PORT 

DATA  PORT 

INPUTS 

STATUS 

STATUS 

61 

DIR 

A„ 

B„ 

A„ 

B„ 

L 

L 

O 

1 

O 

1 

H 

H 

z 

z 

z 

z 

H 

L 

z 

z 

z 

z 

L 

H 

1 

o 

1 

o" 

OUTPUT  ENABLE 
AND 

DIRECTION-SELECT 
LOGIC 


VCC=20 
GND=10 


To  prevent  excess  currents  in  the  High-Z  modes  all  I/O  terminals  should 
be  terminated  with  10KO  to  1MO  resistors. 


92CS- J84B4 


FUNCTIONAL  DIAGRAM 
TRUE/INVERTING  HC/HCT643 


=  High 
Low 
Input 


O  =  Output  (Same  Level  as  Input) 
O  =  Output  (Inversion  of  Input  Level) 
Z  =  High  Impedance 





MAXIMUM  RATINGS,  Absolute-Maximum  Values: 

DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  

DC  INPUT  DIODE  CURRENT,  lIK  (FOR  Vi  <  -0.5  V  OR  V,  >  VCc  +0.5  V)  . . . 
DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V) 
DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V„  <  VCc  +0.5  j 

DC  Vcc  OR  GROUND  CURRENT,  (Ice)  

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  

ForT.  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  

For  T»  »  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   

For  T«  =  +1 00  to  +1 25°  C  (PACKAGE  TYPE  F,  H)  

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   

For  Ta  =  +70  to  +125°  C  (PACKAGE  TYPE  M)   

OPERATING-TEMPERATURE  RANGE  (Ta)' 

PACKAGE  TYPE  F,  H  

PACKAGE  TYPE  E.  M   

STORAGE  TEMPERATURE  (T,s)  

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10s  max  

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only  

RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that 
the  following  ranges: 





-0.5  to  +7  V 
...±20mA 
. . .  ±20  mA 
. . .  ±35  mA 
...  ±70  mA 


 500  mW 

. . . .  Derate  Linearly  at  8  mW/°C  to  300  mW 

 500  mW 

. . . .  Derate  Linearly  at  8  mW/'C  fn  300  mW 

  400  mW 

...  \  Derate  Linearly  at  6  mW/°  C  to  70  mW 


-55  to  +125°C 
.  -40  to  +85°  C 
-65  to  +150°C 


+265° C 
+300° C 


operation  Is  always  within 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta=FuII  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vi,  Vo 

0 

Vcc 

V 

Operating  Temperature,  Ta: 

CD74  Types 

-40 

+85 

•c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times,  t,,ti: 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data 


CD54/74HC640,  CD54/74HCT640 
CD54/74HC643,  CD54/74HCT643 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC640/643/CO54HC640/643 

CD74HCT640/643/CD54HCT640/643 

UNITS 

CHARACTERISTICS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 
mA 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
+125° C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
♦125° C 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

High-Level 

Input  Voltage  v,„ 

2 

1.5 

1.5 

1 .5 

- 

45 

to 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  Vt 

2 

0.5 

0.5 

0.5 

- 

45 

to 
55 

— 

— 

0.8 

— 

0.8 

— 

0.8 

V 

4.5 

— 

1.35 

1.35 

1.35 

6 

1  fl 

1  Pi 

1  R 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

V,L 

or 
V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

Vi 
or 
v,„ 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

- 

- 

5.9 

- 

5.9 

TTL  Loads 
Bus  Driver 

V,L 
or 

V,,. 
or 
V,„ 

4.5 

3.98 

3.84 

3.7 

V 

-6 

4.5 

3.98 

3.84 

3.7 

Vim 

-7.8 

6 

5.48 

5.34 

5.2 

Low- Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 

or 

V|H 

0.02 

2 

0.1 

0  1 

0.1 

V,L 
or 
V,„ 

4.5 





0.1 



0.1 



0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0  1 

TTL  Loads 
Bus  Driver 

V,L 

or 

V,H 

V,u 

0  26 

0.33 

0.4 

V 

6 

4.5 

0  26 

7.8 

6 

0.26 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

/jA 

Quiescent  Device 
Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

pA 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc -21 

4.5 
to 
5.5 

100 

360 

450 

490 

fA 

3-State 
Leakage 

Current  lo2 

Vu. 
or 
V,„ 

Vo= 
Vcc 
>r  Gnd 

6 

±0.5 

±5 

±10 

V,t 
or 

V|H 

5.5 

±0.5 

±5 

±10 

«A 

I 


•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  ■  5.5  V)  specification  is  1 .8  mA. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS  * 

HCT640 

HCT643 

DIR 

0.9 

0.9 

"OE> 

1.5 

1.5 

B 

1.5 

0.4 

•  Unit  load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  /jA  max.  @25°C. 
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Technical  Data 


CD54/74HC640,  CD54/74HCT640 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25° C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

cL 

pF 

SYMBOL 

TYPICAL  VALUES 

UNITS 

HC640 

HCT640 

HC643 

HCT643 

Propagation  Delay 
A-BTB- A" 

15 

tpHLi  tpLH 

7 

9 

7 

9 

ns 

B-A 

9 

10 

Enable  to  High  Z 

tpHZ.  tpLZ 

12 

12 

12 

12 

Enable  from  High  Z 

tpZH.  tpZL 

12 

12 

12 

13 

Power  Dissipation 
Capacitance 

Cpd* 

38 

41 

45 

55 

pF 

*  Cpd  is  used  to  determine  the  dynamic  power  consumption  per  channel. 
Pd  =  Vcc2  fi  (Cpd  +  Cl),  where:  fi  =  input  frequency.     Cl  =  output  load  capacitance.    Vcc  f  supply  voltage. 

SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°Cto  +85° 

C 

-55°Cto 

+125 

C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54H 

CT 

UNITS 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

90 

115 

135 

A  640/643 

tpHL 

4.5 

18 

22 

23 

28 

27 

— 

33 

ns 

B-A 

6 

15 

20 

23 

— 

CZA1 

B  -  A 

tpLH 

2 

110 

140 

165 

tpHL 

4.5 

22 

26 

28 

33 

33 

39 

ns 

6 

19 

24 

28 

Output  High-Z: 

tpZH 

2 

150 

190 

225 

To  High  Level,  640 

tpZL 

4.5 

30 

30 

38 

38 

45 

45 

ns 

To  Low  Level 

6 

26 

33 

38 

Output  High  Level, 

640 

Output  Low  Level 

tPHZ 

2 

150 

190 

225 

tpLZ 

4.5 

30 

30 

38 

38 

45 

45 

ns 

to  High  Z 

6 

26 

33 

38 

Output  High  Z: 

tpZH 

2 

150 

190 

225 

To  High  Level  643 

tpZL 

4.5 

30 

33 

38 

41 

45 

50 

ns 

To  Low  Level 

6 

26 

33 

38 

Output  High  Level, 

643 

Output  Low  Level 

tPHZ 
tpLZ 

2 

4.5 

150 

30 

30 

190 
38 

38 

225 
45 

45 

ns 

to  High  Z 

6 

26 

33 

38 

Output  Transition 

tTLH 

2 

60 

75 

90 

Time 

tTHL 

4.5 
6 

12 
10 

12 

15 
13 

15 

18 
15 

18 

ns 

Input  Capacitance 

Cin 

10 

10 

10 

10 

10 

10 

pF 

3-State  Output 
Capacitance 

C„ 

20 

20 

20 

20 

20 

20 

PF 
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OTHER 
INPUTS 
TIED  HIGH 
OR  LOW 

OUTPUT 
ENABLE 


IC  WITH 
3 -STATE 
OUTPUT 


OUTPUT  RL.|kil  rVcc  FOR  I PLZ  AND  tpZL 
-J^WK)  joNO  FOR  .phz  AND  I  pz„ 

-±-  50PF 


Fig.  2  -  Three-state  propagation  delay  test  circuit. 


-»H  U«-tf=6cis 


INPUT 

LEVEL   


—  H  h»'THL 
H  C/HCT  640         X  ' 


A„ 

HC/HCT  643 


OUTPUT  HIGH 
TO  OFF 


OUTPUTS 
CONNECTED 


92CS-3B4e2 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  3  -  Transition  times  and  progagation  delay  times. 


DIR 

1 

20 

vcc 

AO 

2 

ii 

51 

A1 

_3_ 

11 

BO 

A2 

4 

21 

81 

A3 

_5_ 

16 

B2 

A4 

_6_ 

15 

B3 

A5 

_7_ 

11 

B4 

A6 

_8_ 

11 

B5 

A7 

_9_ 

12. 

B6 

GND 

JO 

1 1 

B7 

TERMINAL  ASSIGNMENT 


Preliminary  Data 


High-Speed  CMOS  Logic 


«CS-58529 


Octal  Bus  Transceiver/Register, 
3-State 

Type  Features: 


FUNCTIONAL  DIAGRAM 


Independent  Registers  lor 
A  and  B  Buses 

CD54/74HC/HCT646  Non-Inverting 

CD54/74HC/HCT648  Inverting 

3-State  Outputs 

Drives  15LSTTL  loads 

Typical  Propagation  Delay  =  12ns  (A 

@  Vcc  =  5  V,  CL  =  15  pF,  TA  =  25°C 


B) 


The  RCA-CD54/74HC646  and  CD54/74HCT646  are  octal 
bus  transceivers/registers  with  3-state  non-inverting  out- 
puts. The  RCA-CD54/74HC648  and  CD54/74HCT648  are 
octal  bus  transceivers/registers  with  3-state  inverting 
outputs.  These  devices  are  bus  transceivers  with  D-type 
flip-flops  which  act  as  internal  storage  registers.  Data  on 
the  A  bus  or  the  B  bus  can  be  clocked  into  the  registers  on 
the  LOW-to-HIGH  transition  of  either  CAB  or  CBA  clock 
inputs.  Output  enable  (OE)  and  direction  (DIR)  inputs 
control  the  transceiver  functions.  Data  present  at  the  high 
impedance  output  can  be  stored  in  either  register  or  both 
but  only  one  of  the  two  buses  can  be  enabled  as  outputs  at 
any  one  time.  The  select  controls  (SAB  and  SBA)  can 
multiplex  stored  and  transparent  (real  time)  data.  The 
direction  control  determines  which  data  bus  will  receive 
data  when  the  output  enable  (OE)  is  LOW.  In  the  high 
impedance  mode  (output  enable  HIGH),  A  data  can  be 
stored  in  one  register  and  B  data  can  be  stored  in  the  other 
register.  The  clocks  are  not  gated  with  the  direction  (DIR) 
and  output  enable  (OE)  terminals;  data  at  the  A  or  B 
terminals  can  be  clocked  into  the  storage  flip-flops  at  any 
time. 

The  CD54HC646,  648  and  CD54HCT646,  648  are  supplied 
in  24-lead  dual-in-line  frit-seal  ceramic  packages  (Fsuffix). 
The  CD74HC646,  648  and  CD74HCT646,  648  are  supplied 
in  24-lead  dual-in-line,  narrow-body  plastic  packages  (EN 
suffix),  in  24-lead  dual-in-line,  wide-body  plastic  packages 
(E  suffix),  and  in  24-lead  dual-in-line  surface-mount  plastic 
packages  (M  suffix).  Both  types  are  also  available  in  chip 
form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:    -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
a  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

N,i_  =  30%,  Wih  =  30%  of  Vcc:  @  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,l  =  0.8  V  Max.,  Vm  =  2V  Min. 
CMOS  Input  Compatibility 

h<1flA@  Vol,  Voh 


CAB  — 
SAB  — 
DIR  — 
AO  ■ 
A1  ■ 


— ■  CBA 

SBA 


-  OE 
■  BO 


TERMINAL  ASSIGNMENT 


Technical  Data 


CD54/74HC646,  CD54/74HCT646 
CD54/74HC648,  CD54/74HCT648 


OE  O- 


3 

DIR  O- 


CABO  [>- 

CBAO  [>>- 


r 


4,(5,6,7,8, 
9,10,11) 

AO  


24 

O  VCC 


I  


c 


—  TO  CHANNELS 
2  TO  8 


CBA 

F/F 


-<h 


vCc 


20,(18,18, 
17,16,15, 
14,13) 


-o- 


«— 646  iH"648 


 i 


ONE  OF  EIGHT  IDENTICAL  CHANNELS 


92CL- 38530RI 


Fig.  1  —  Logic  Diagram. 
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Technical  Data 


CD54/74HC646,  CD54/74HCT646 
CD54/74HC648,  CD54/74HCT648 


FUNCTION  TABLE 


INPUTS 

DATA  I/O  * 

OPERATION  OR  FUNCTION 

OE     DIR     CAB     CBA     SAB  SBA 

AO  THRU  A7 

BO  THRU  B7 

646 

648 

x       x                  X  XX 
XX        x        J-       X  X 

Input 
Not  specified 

Not  specified 
Input 

Store  A,  B  unspecified 
Store  B.  A  unspecified 

Store  A.  B  unspecified 

Store  B.  A  unspecified 


H        X                                 X  X 
H        X      HorLHorL      X  X 

Input 

Input 

Store  A  and  B  Data 
Isolation,  hold  storage 

Store  A  and  B  Data 
Isolation,  hold  storage 

L        L          X  XXL 
L         L          XHorLX  H 

Output 

Input 

Real-Time  B  Data  to  A  Bus 
Stored  B  Data  to  A  Bus 

Real-Time  B  Data  to  A  Bus 
Stored  B  Data  to  A  Bus 

L        H          X           X          L  X 
L        H      H  or  L       X          H  X 

Input 

Output 

Real-Time  A  Data  to  B  Bus 
Stored  A  Data  to  B  Bus 

Real-Time  A  Data  to  B  Bus 
Stored  A  Data  to  B  Bus 

tt  The  data  output  functions  may  be  enabled  or  disabled  by  various  signals  at  the  0"E"  and  DIR  inputs.  Data  input  functions  are  always 
enabled,  i.e.,  data  at  the  bus  pins  will  be  stored  on  every  low-to-high  transition  on  the  clock  inputs. 
To  prevent  excess  currents  in  the  High-Z  modes  all  I/O  terminals  should  be  terminated  with  10Kfi  resistors. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  *  7  V 

DC  INPUT  DIODE  CURRENT.  I«  (FOR  V.  <  -0.5  V  OR  V,  >  Vcc  -  0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V0  <  -0.5  V  OR  Vo  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V     V.     Vu.  •  0.5V)    •  35rnA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    +70mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  =  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  T.  =  -60  to  -85°  C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  T,  5  -55  to  -100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  Ta  —  -100  to -125°  C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°C  (PACKAGE  TYPE  M)  1  400  mW 

For  Ta  =  +70  to  +125°  C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  E.  M   -40  to  -85°C 

PACKAGE  TYPE  F.  H  -55  to  -125°  C 

STORAGE  TEMPERATURE  (T,„)   -65to-150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   -265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only   -300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:' 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,N,  Vout 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

CD54  Types 

-55 

+  125 

•c 

Input  Rise  and  Fall  Times  t„  ti 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data 


CD54/74HC646,  CD54/74HCT646 
CD54/74HC648,  CD54/74HCT648 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC648/COS4HC646 
CD74HC648/CD54HC648 

CD74HCT646/CD54HCT646 
CD74HCT648/COS4HCT648 

CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/S4HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

UNITS 

V, 
V 

'o 
IDA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
+125° C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Tvd 

■yp 

Max 

Min 

Max 

Min 

Max 

High-Level 

2 

15 

— 

15 

— 

15 

— 

4  5 

Input  Voltage  V,„ 

4  5 

3  15 

— 

3.15 

— 

3.15 

2 

— 

— 

2 

— 

2 

— 

V 

g 

42 

— 

42 

— 

4  2 

— 

Low-Level 

2 

— 

— 

0  5 

— 

0.5 

— 

0.5 

Input  Voltage  V,L 

4.5 

1.35 

1.35 

1.35 

08 

0.8 

08 

V 

g 

- 

1.8 

1.8 

1.8 

High-Level 

19 

1  9 

1.9 

Output  Voltage  VIlM 

or 

-0  02 

4.5 

44 

— 

— 

4  4 

— 

4.4 

— 

or 

45 

4  4 

— 

4.4 

— 

4  4 

— 

V 

CMOS  Loads 

V,„ 

6 

5.9 

— 

— 

59 

— 

59 

— 

v„, 

TTL  Loads 

398 

384 

37 

3  98 

3  84 

37 

V 

(Bus  Driver) 

y 

5.48 

534 

52 

Low-Level 

Sfis 

0  1 

0  1 

0  1 

Output  Voltage  V,x 

or 

0.02 

4.5 

0  1 

0  1 

0  1 

or 

4.5 

— 

— 

0  1 

- 

0  1 

— 

0  1 

V 

CMOS  Loads 

V,„ 

6 

0  1 

0  1 

0.1 

v,„ 

v„ 

TTL  Loads 

or 

6 

4  5 

0.26 

0.33 

0.4 

026 

033 

04 

V 

(Bus  Driver} 

v,„ 

78 

6 

026 

0.33 

04 

Input  Leakage 
Current  1, 

vfa 

or 
Gnd 

6 

±0  1 

11 

11 

Voltage 
Between 

Vcr 
&  Gnd 

5.5 

±0.1 

•  1 

11 

CA 

Quiescent 

Vcc 

Vc, 

Device 

or 

0 

6 

8 

80 

160 

or 

55 

8 

80 

160 

Current  lcc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec' 

Vcc-2  1 

4.5 
to 
5.5 

100 

360 

450 

490 

«A 

3-State 

V* 

V„  #  Vcc 

V, 

Leakage  Current 

or 

or 

6 

10.5 

15.0 

110 

or 

5.5 

±0.5 

±5.0 

±10 

„A 

loz 

V„ 

Gnd 

v,„ 

'For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  m A 
HCT  Input  Loading  Table 


Input 

Unit  Loads* 

OE 

1.3 

DIR 

0.75 

Clock  A— B,  B  —A 

0.6 

Select  A,  Select  B 

0.45 

Inputs  A0-A7,  B0-B7 

0.3 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 ,uA  max.  @  25°C. 


447 


Technical  Data 


CD54/74HC646,  CD54/74HCT646 
CD54/74HC648,  CD54/74HCT648 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T«  =  25°C,  Input  t„  1,  =  6  ns) 


CHARACTERISTIC 

Cl 

TYPICAL 

UNITS 

(pF) 

HC 

HCT 

Propagation  Delays 

Store  A  Data  to  B  Bus  (646) 

tpm. 

tpHL 

1 5 

18 

18 

ns 

Store  B  Data  to  A  Bus  (646) 

tpLH.  tpHL 

15 

18 

18 

ns 

Store  A"Data  to  B  Bus  (648) 

tpLHi  tpHL 

1 5 

20 

23 

ns 

Store  FData  to  A  Bus  (648) 

tp|.Hi  tpHL 

1 5 

20 

23 

ns 

A  Data  to  B  Bus  (646) 

tpLH.  tpHL 

15 

12 

15 

B  Data  to  A  Bus  (646) 

tpLHi  tpHL 

1 5 

12 

15 

A  Data  to  B  Bus  (648) 

tpLH.  tpHL 

15 

12 

15 

ns 

B  Data  to  A  Bus  (648) 

tpLH.  tpHL 

15 

12 

15 

ns 

Select  to  Data  (646) 

tpLH,  tpHL 

15 

14 

19 

ns 

Select  to  Data  (648) 

tpLH,  tpHL 

15 

16 

19 

ns 

3-State  Disabling  Time 

tpLZ.  tpHZ 

15 

14 

14 

ns 

3-State  Enabling  Time 

tpZL,  tpZH 

15 

14 

19 

ns 

Max  Frequency 

fma. 

15 

60 

45 

MHz 

Power  Dissipation  Capacitance" 

Cpd 

52 

52 

PF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package, 
Po  =  Vcc2  Cpd         Vcc'  Cl  f„  where: 
CL  =  output  load  capacitance 
VCc  =  supply  voltage 
f,  =  input  frequency 
to  =  output  frequency 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


25°  C 

-40°Cto+85°C 

-55°Cto+125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Maximum  Frequency 

Imax 

2 

45 

6 

30 

25 

5 

25 

20 

4 

20 

17 

MHZ 

6 

35 

29 

23 

Set  Up  Time 
Data  to  Clock 

tsu 

2 

4.5 
6 

60 
12 
10 

12 

75 
15 
13 

15 

90 
18 
15 

18 

ns 

Hold  Time 
Data  to  Clock 

tH 

2 

4.5 
6 

35 
7 
6 

5 

45 
9 
8 

5 

55 
11 
9 

5 

ns 

2 

80 

100 

120 

Clock  Pulse  Width 

tw 

4.5 

16 

25 

20 

31 

24 

38 

ns 

6 

14 

17 

20 

448 


 Technical  Data 

CD54/74HC646,  CD54/74HCT646 
CD54/74HC648,  CD54/74HCT648 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

2 

— 

220 

— 

— 

— 

275 

— 

— 

— 

330 

— 

— 

Store  A  data  to  B  bus 

tpLH 

4.5 

— 

44 

— 

44 

— 

55 

— 

55 

— 

66 

— 

66 

ns 

Store  B  data  to  B  bus  (646) 

tpHL 

6 

- 

37 

- 

— 

— 

47 

- 

— 

— 

5.6 

— 

— 

Store  A  data  to  B  bus 

tpLH 

2 

— 

240 

— 

— 

— 

300 

— 

— 

— 

360 

— 

— 

Store  B' data  to  A  Bus 

tpHL 

4.5 

— 

48 

— 

54 

— 

60 

— 

68 

— 

72 

— 

81 

ns 

(648) 

6 

— 

41 

— 

— 

— 

51 

— 

— 

— 

61 

— 

— 

A  data  to  B  bus 

tpLH 

2 

— 

135 

170 

205 

B  data  to  A  Bus 

tpHL 

4.5 

27 

37 

34 

46 

— 

41 

56 

ns 

(646) 

6 

— 

23 

— 

— 

— 

29 

— 

— 

— 

35 

— 

— 

A  data  to  B  bus 

tpLH 

2 

— 

150 

— 

— 

— 

190 

— 

— 

— 

225 

— 

— 

B  data  to  A  Bus 

tpHL 

4.5 

— 

30 

— 

37 

— 

38 

— 

46 

— 

45 

— 

56 

ns 

(648) 

6 

— 

26 

— 

— 

— 

33 

— 

— 

— 

38 

— 

— 

Select  to  Data 

2 

— 

170 

— 

— 

— 

215 

— 

. — 

— 

255 

— 

— 

tpLH 

4.5 

— 

34 

— 

46 

— 

43 

— 

58 

— 

51 

— 

69 

ns 

tpHL 

6 

— 

29 

— 

— 

— 

37 

— 

— 

— 

43 

— 

— 

Select  to  Data 

2 

190 

240 

285 

tpLH 

4.5 

. — 

38 

— 

46 

_ 

48 

z 

58 

z 

57 

z 

69 

ns 

(648) 

tpHL 

6 

32 

39 

48 

3-State  Disabling  Time 

2 

175 

220 

265 

Bus  to  Output  or 

tpLZ 

4.5 

35 

35 

44 

44 

53 

53 

ns 

Register  to  Output 

tpHZ 

6 

30 

37 

45 

3-State  Enabling  Time 

2 

175 

220 

265 

Bus  to  Output  or 

tpZL 

4.5 

35 

45 

44 

56 

53 

68 

ns 

Register  to  Output 

tpZH 

6 

30 

37 

45 

Output  Transition  Time 

2 

60 

75 

90 

Wlh 

4.5 

12 

12 

15 

15 

18 

18 

ns 

tTHL 

6 

10 

13 

15 

3-State  Output 

Capacitance 

Co 

20 

20 

20 

20 

20 

20 

pF 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

■ 


92CS-38405 

Fig.  2  —  Data  setup  and  hold  times. 
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INPUT 

DATA  Y  -ip 


HC/HCT  648 


B(A)  v 


tf  =  6ns 


HC/HCT646 


>-  V  9 

-v::::-::fc: 

■j  f*'THL 


90% 

VS 
0% 


•tlh 

=*=  90% 

 vs 

10% 


"'PLH 
"'PHL 


92CS-36406 


OUTPUT  HIGH 
TO  OFF 


OUTPUTS 
CONNECTED 


OUTPUTS 
DISCONNECTED 

92CS-J8407 


OUTPUTS 
CONNECTED 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  3  —  Transition  times  and  propagation  delay  times. 
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File  Number  1660 


CD54/74HC670 
CD54/74HCT670 


High-Speed  CMOS  Logic 


4x4  Register  File 


92CS-38505 


Type  Features: 

■  Simultaneous  and  Independent  Read  and 
Write  Operations 

m  Expandable  to  512  Words  of  n-Bits 
m  3-State  Outputs 

m  Organized  as  4  Words  x  4  Bits  Wide 

■  Typical  read  time:    16  ns  for  HC670  at  Vcc  =  5  V,  C  =  75  pF,  Ta  =  25°  C 

■  Buffered  inputs 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC670  and  CD54/74HCT670  are  16-bit 
register  files  organized  as  4  words  x  4  bits  each.  Read  and 
write  address  and  enable  inputs  allow  simultaneous  writing 
into  one  location  while  reading  another.  Four  data  inputs 
are  provided  to  store  the  4-bit  word.  The  write  address 
inputs  (WAO  and  WA1)  determine  the  location  of  the  stored 
word  in  the  register.  When  write  enable  (WE)  is  low  the 
word  is  entered  into  the  address  location  and  it  remains 
transparent  to  the  data.  The  outputs  will  reflect  the  true 
form  of  the  input  data.  When  (WE)  is  high  data  and 
address  inputs  are  inhibited.  Data  acquisition  from  the  four 
registers  is  made  possible  by  the  read  address  inputs  (RA1 
and  RAO).  The  addressed  word  appears  at  the  output  when 
the  read  enable  (RE)  is  low.  The  output  is  in  the  high 
inpedance  state  when  the  (RE)  is  high.  Outputs  can  be  tied 
together  to  increase  the  word  capacity  to  512  x  4  bits. 

The  RCA  CD54HC/HCT670  are  supplied  in  16-lead  cera- 
mic dual-in-line  packages  (F  suffix).  The  CD74HC/HCT670 
are  supplied  in  a  16-lead  dual-in-line  plastic  package  (E 
suffix)  and  in  16-lead  dual-in-line  surface  mount  plastic 
packages  (M  suffix).  Both  types  are  also  available  in  chip 
form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 
m  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 

2to6V  Operation 
High  Noise  Immunity: 

Nil  =  30%,  W,H  =  30%  of  Vcd  @  Vcc  =  5  V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

VlL  =  0.8  V  Max.,  Vm  =  2V  Min. 
CMOS  Input  Compatibility 

h<1fjA@  Vol,  Voh 


o,-L 

Jivcc 

02  ± 

D3  — 

—  WAO 

RA1  — 

—  WA1 

RAO  — 

iiwl 

02  ± 

■— ■  RE 

02-L 

■^00 

GND  — 

TERMINAL  ASSIGNMENT 
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Fig.  1  —  Logic  Diagram. 
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WRITE  MODE  SELECT  TABLE 


OPERATING 

INPUTS 

INTERNAL 

MODE 

WE 

Dm 

LATCHESI'I 

L 

L 

L 

Write  Data 

H 

H 

L 

Data 

no  change 

H 

X 

Latched 

NOTE: 

a.  The  Write  Address  (WAO  and  WA1JJO  the  "inter- 
nal latches"  must  be  stable  while  WE  is  LOW  for 
conventional  operation. 


READ  MODE  SELECT  TABLE 


OPERATING 

INPUTS 

OUTPUT 

MODE 

RE 

INTERNAL 
LATCHESW 

On 

Read 

L 

L 

L 

L 

H 

H 

Disabled 

H 

X 

(Z) 

NOTE: 

b.  The  selection  of  the  "internal  latches"  by  Read 
Address  (RAO  and  RA1)  are  not  constrained  by 
WE  or  RE  operation 

H  =  HIGH  voltage  level 

L  =  LOW  voltage  level 

X  =  Don't  care 

Z  =  HIGH  impedance  "off"  state. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values- 
DC  SUPPLY- VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l„  (FOR  V,  <  -0  5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT.  U  (FOR  Vo  < -0  5  V  OR  V„  >  Vcc +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„<  Vcc  +  0.5V)   ±35  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±70  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  T,  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T.  =  + 100  to  +  125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  F,  H   -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T,„)   -65tO+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  +  0.79  mm)  from  case  (or  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„  ti 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CO74HC670/CD54HC670 

CD74HCT670/CD54HCT670 

UMAKAl*  1  CHI&  1  IU 

TEST 
CONDITIONS 

74HC/54HC 
SERIES 

74HC 
SERIES 

54HC 
SERIES 

TEST 
CONDITIONS 

74HCT/54HCT 
SERIES 

74HCT 
SERIES 

54HCT 
SERIES 

V, 
V 

mA 

Vcc 
V 

♦25°  C 

-40/ 
+85°  C 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125° C 

Min 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

2 

1.5 

- 

- 

1.5 

- 

1.5 

- 

4.5 

Input  Voltage  V,H 

4.5 

3.15 

- 

3.15 

- 

315 

- 

to 

2 

- 

- 

2 

- 

2 

- 

V 

6 

4.2 

- 

- 

4.2 

- 

4.2 

- 

5.5 

Low-Level 

2 

- 

- 

0.5 

- 

0.5 

- 

0.5 

4.5 

Input  Voltage  VIL 

4.5 

1.35 

1.35 

1.35 

~ 

to 

0.8 

08 

08 

V 

6 

- 

1.8 

1.8 

1.8 

5.5 

High-Level 

v» 

2 

1.9 

1.9 

1.9 

v» 

Output  Voltage  V„ 

or 

-0.02 

45 

4.4 

- 

- 

4.4 

- 

4.4 

- 

or 

4.5 

4.4 

- 

- 

4.4 

- 

4  4 

V 

CMOS  Loads 

v„ 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

v,„ 

Vn 

V,t 

TTL  Loads 

or 

-6 

4.5 

3.98 

3.84 

3.7 

or 

4.5 

3.98 

3.84 

3.7 

V 

Bus  Driver 

V,„ 

-7.8 

6 

5.48 

5.34 

52 

v,„ 

Low-Level 

Vt 

2 

0.1 

0.1 

0.1 

V». 

Output  Voltage 

or 

002 

45 

0.1 

0.1 

0.1 

or 

4.5 

- 

- 

0  1 

- 

0  1 

- 

0  1 

V 

CMOS  Loads 

v,„ 

6 

0.1 

0.1 

0.1 

V* 

VIL 

v,t 

TTL  Loads 

or 

6 

4.5 

0.26 

0.33 

0.4 

or 

4.5 

0.26 

0.33 

04 

V 

Bus  Driver 

v,„ 

7.8 

6 

0.26 

033 

0.4 

V„ 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc 
&  Gnd 

5.5 

10.1 

11 

11 

«A 

Quiescent 

Vcc 

v« 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

*/A 

Current  lCc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 

Vcc-2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

ItA 

3-State 

V,c 

v.  =  v« 

Vn. 

leakage 

or 

or 

6 

10.5 

±5 

110 

or 

55 

10.5 

15 

110 

„A 

current 

v,„ 

Gnd 

V,„ 

'For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  1  5.5  V)  specification  is  1 .8  mA. 
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HCT  Input  Loading  Table 


Input 

Unit  Loads* 

WE 

0:3 

WAO 

0.2 

WA1 

0.4 

RE 

1.5 

DATA 

0.15 

RAO 

0.4 

RA1 

0.7 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  //A  max.  @  25°C. 

SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°C,  Input  t„  t(  =  6  ns) 


CHARACTERISTIC 

Cl 
(PF) 

SYMBOL 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay 

Reading  any  word 

15 

tpuH 
tpHL 

16 

17 

ns 

Write  Enable  to  Output 

15 

tpLM 
tpHL 

21 

21 

ns 

Data  to  Output 

15 

tpLH 
tpHL 

21 

21 

ns 

Output  Disable  Time 

15 

tpLZ 
tpHZ 

12 

14 

ns 

Output  Enable  Time 

15 

tpZL 
tpZH 

12 

16 

ns 

Power  Dissipation  Capacitance* 

Cpd 

59 

66 

pF 

*CPD  is  used  to  determine  the  dynamic  power  consumption,  per  output. 
PD  =  Cpd  VCc!  f,  +  Z  Cl  Vcc2  U  where  f,  =  input  frequency, 
to  =  output  frequency. 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage 

PREREQUISITE  FOR  SWITCHING  FUNCTION 


25°  C 

-40°CtO  +85° 

C 

-55° C to 

+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Set-up  time 

2 

60 

75 

90 

Data  to  WE 

h» 

4.5 

12 

14 

15 

18 

18 

21 

ns 

6 

10 

13 

15 

Hold  time 

2 

5 

5 

5 

Data  to  WE 

th 

4.5 
6 

5 
5 

5 

5 
5 

5 

5 
5 

5 

ns 

Set-up  time 

2 

60 

75 

90 

Write  to  WE 

«5 

4.5 

12 

18 

15 

23 

18 

27 

ns 

6 

10 

13 

15 

Hold  time 

2 

5 

5 

5 

Write  to  WE 

t* 

4.5 

5 

5 

5 

5 

5 

5 

ns 

6 

5 

5 

5 

WE 

2 

80 

100 

120 

Pulsewidth 

tw 

4.5 

16 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

Latch  time 

2 

100 

125 

150 

WE  to  RAO,  RA1 

tLATCH 

4.5 

20 

25 

25 

31 

30 

38 

ns 

6 

17 

21 

26 

455 


SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t,  I.  =  6  ns, ) 


25°  C 

-40°Cto+85°C 

-55°Cto  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

— 

195 

— 

— 

— 

245 

— 

— 

— 

295 

— 

— 

Reading  any  word 

tpHL 

4.5 

— 

39 

— 

40 

— 

49 

— 

50 

— 

59 

— 

60 

ns 

6 

— 

33 

— 

— 

— 

42 

— 

— 

— 

50 

— 

— 

Write  Enable 

tpLH 

2 

— 

250 

— 

— 

— 

315 

— 

— 

— 

375 

— 

— 

to  Output 

tpHL 

4.5 

- 

50 

— 

50 

— 

63 

— 

63 

— 

75 

— 

75 

ns 

6 

— 

43 

— 

— 

— 

54 

— 

— 

— 

64 

— 

— 

Data  to  Output 

tpLH 

2 

— 

256 

— 

— 

— 

315 

— 

— 

— 

375 

— 

— 

tpHL 

4.5 

— 

50 

— 

50 

— 

63 

— 

63 

— 

75 

— 

75 

ns 

6 

— 

43 

— 

— 

— 

54 

— 

— 

— 

64 

— 

— 

Output  Disable  Time 

tpLZ 

2 

— 

150 

— 

— 

— 

190 

— 

— 

— 

225 

— 

— 

tpHZ 

4.5 

— 

30 

— 

35 

— 

38 

— 

44 

— 

45 

— 

53 

ns 

6 

— 

26 

— 

— 

33 

— 

— 

— 

38 

— 

— 

Output  Enable  Time 

tpZL 

2 

— 

150 

— 

— 

190 

— 

— 

225 

— 

tpZH 

4.5 

30 

38 

38 

48 

45 

57 

ns 

6 

26 

- 

— 

- 

33 

- 

- 

- 

38 

- 

- 

Output  Transition 

t-TLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

10 

19 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

PF 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

pF 

!  f  »6ni  - 


INPUT 
-  LEVEL 


-lr  =  6 


tf  =  6  ns 


RAO,  RA1 


0r 


r 


INPUT 
LEVEL 


'TLH  — A 


-•thl 


92CS  -38786 


92CS- 38508 

Fig.  3  —  Propagation  delay.  Read  Address  to  Output 


Fig.  2  —  Propagation  Delay.  Write  Enable  and  Data  to  Output 

-VALID- 
INPUT  LEVEL 
WAO.  WA1 


OUTPUT 
LOW  TO  OFF 
On 

OUTPUT  HIGH 


OUTPUTS 
CONNECTED 


OUTPUTS 
DISCONNECTED 


OUTPUTS 
CONNECTED 


RAO  OR  RA1- 


 a10% 


92CS-385IORI 


92CS-3S509RI 

Fig.  4  —  Setup  and  Hold  Times.  Write  Address  and  Data 
,  to  Write  Enable 


Fig.  5  —  3-State  Enable  and  Disable  Times 


Technical  Data 


CD54/74HC670 
CD54/74HCT670 


—       — I  th 

■     A  /  Vs 

92CS-385II 

Fig.  6  —  Setup  and  Hold  times.  Read  Address  to  Read  Enable 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3V 

Technical  Data 


CD54/74HC688 
CD54/74HCT688 


File  Number  1646 


High-Speed  CMOS  Logic 


8-Bit  Magnitude  Comparator 


Type  Features: 

■  Cascadable 


92CS-384I5 

FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC688  and  CD54/74HCT688  are  8-bit 
magnitude  comparators  designed  for  use  in  computer  and 
logic  applications  that  require  the  comparison  of  two  8-bit 
binary  words.  When  the  compared  words  are  equal  the 
output  (Y)  is  low  and  can  be  used  as  the  enabling  input  for 
the  next  device  in  a  cascaded  application. 

The  CD54HC688  and  CD54HCT688  are  supplied  in  20-lead 
ceramic  dual-in-line  packages  (F  suffix).  The  CD74HC688 
and  CD74HCT688  are  supplied  in  20-lead  dual-in-line 
plastic  packages  (E  suffix)  and  in  20-lead  dual-in-line 
surface-mount  plastic  packages  (M  suffix).  Both  types  are 
also  available  in  chip  form  (H  suffix). 

AO     BO  A1 

,  3)(4 


loQ  GND 
2t>0  VCC 


92CS-384I7RI 


Family  Features: 

■  Fanout  {over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  propagation  delay  and 
transition  times 

■  Signiticant  power  reduction  compared  to 
LSTTL  logic  ICs 

■  Alternate  source  is  Philips/Signetics 
m  CD54HC/CD74HC  types: 

2to6V  operation 

High  noise  immunity:  N*i_=  30%,NM=30°/o  of  Vcci 
@  VCc=5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

VIL=0.8  Vmax.,  VM=2  V  min. 
CMOS  input  compatibility 
/,<  1  )iA  @  Vol.  Vom 


TRUTH  TABLE 


Inpu 

Is 

OutDUtS 

A.  B 

E 

Y 

A  =  B 
A^B 
X 

I  r-  r 

L 
H 
H 

Fig.  1  -  Logic  diagram. 


X  =  Don't  care 
L  =  Low  level 
H  =  High  level 
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.  Technical  Data 


CD54/74HC688 
CD54/74HCT688 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l»  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  U  (FOR  V„  <  -0.5  V  OR  V0  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  *  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

ForT,  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

ForT,  ■  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°  C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°  C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F  H   -55  to +1 25°  C 

PACKAGE  TYPE  E.M   -40to+85°C 

STORAGE  TEMPERATURE  <T„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265° C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA=Full  Package  Temperature  Range) 

Vcc:' 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  V,,  V0 

0 

Vcc 

V 

Operating  Temperature,  Ta: 

CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°c 

Input  Rise  and  Fall  Times,  tr,ti: 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


M 

^vcc 

A0-^ 

—  Y 

BO — — 

1°  B7 

At-! 

1J-A7 

B1-3 

1^- B6 

A2-5 

1^- A6 

B2-^ 

Alas 

A3 -» 

^-A5 

B3^» 

—  B4 

GND-L° 

±!-A4 

92CS 

-38118 
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Technical  Data 


CD54/74HC688 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC688  CD54HC688 

CD74HCT688/CD54HCT688 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

Vi 
V 

lo 
mA 

Vcc 
V 

•25°  C 

-40/ 
+85°  C 

-55/ 
♦125° C 

V, 
V 

Vcc 
V 

♦25"  C 

-40/ 
♦85°  C 

-55/ 
♦125° C 

Mln 

Typ 

Ma« 

Mln 

Mai 

Mln 

Max 

Mln 

Typ 

M« 

Mln 

Mai 

Mln 

Mai 

High-Level 

Input  Voltage  V,„ 

2 

1.5 

1.5 

1 .5 

4.5 
to 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

4.5 

3  15 

3.1 5 

3.15 

6 

4  2 

4.2 

4.2 

Low-Level 

Input  Voltage  V,t 

2 

- 

0.5 

05 

0.5 

4.5 
to 

5.5 

- 

- 

0.8 

- 

0.6 

- 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1  H 

1  R 

1  R 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

V,L 
or 
v,„ 

-0.02 

2 

1.9 

1.9 

1.9 

V.. 
or 
V,„ 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

— 

4.4 

— 

4.4 

6 

5.9 

- 

5.9 

5.9 

— 

TTL  Loads 

V«. 
or 
V,„ 

-4 

V,L 

or 
V,„ 

4.5 

3.98 

3.84 

3.7 

V 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Va. 
or 
V,„ 

0.02 

2 

0.1 

0.1 

0.1 

VlL 

or 
v,„ 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0  1 

0.1 

0  1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,L 

or 
V,„ 

4 

V,t 

or 
v,„ 

45 

0.26 

0.33 

0.4 

V 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

026 

033 

04 

Input  Leakage 
Current  1, 

v« 

or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

UA 

Quiescent  Device 
Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Voc 
or 
Gnd 

5.5 

8 

80 

160 

«A 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec- 

Vcc -21 

4.5 
to 
55 

100 

360 

450 

490 

fA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  -  5.5  V)  specification  is  1  8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

Enable 
Data  Inputs 

0.7 
0.35 

"Unit  Load  is  Alec  limit 
specified  in  Static 
Characteristics  Chart, 
e.g.,  360 //A  max.@25°C. 
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 Technical  Data 

CD54/74HC688 
CD54/74HCT688 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T*  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

Cl 
PF 

TYPICAL  VALUES 

UNITS 

HC 

HCT 

_  — 

Propagation  Delay  A  and  B  Data  to  Output 

tPLH 
tPHL 

15 

14 

14 

ns 

Propagation  Delay  Enable  to  Output 

tPLH 
tPHL 

15 

9 

9 

Power  Dissipation  Capacitance* 

Cpd 

22 

22 

PF 

'Cpd  is  used  to  determine  the  power  consumption,  per  device. 
PD=VCc*  ti  (Cpd  +  Cl)  where  f,=input  frequency 

CL=output  load  capacitance 
VCc=supply  voltage 


SWITCHING  CHARACTERISTICS  (C,  =50  pF,  Input  U.=6  ns) 


25°  C 

-40°Cto  +85°  C 

-55° C  to  +125° C 

CHARACTERISTIC 

SYMBOL 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tPLH 

2 

170 

210 

255 

An  to  Output 

tPHL 

4.5 

34 

34 

42 

42 

51 

51 

ns 

6 

29 

36 

43 

tPLH 

2 

170 

210 

255 

Bn  to  Output 

tPHL 

4.5 

34 

34 

42 

42 

51 

51 

ns 

6 

29 

36 

43 

tpLH 

2 

120 

150 

180 

T"to  Output 

tPHL 

4.5 

24 

24 

30 

30 

36 

36 

ns 

6 

20 

26 

30 

Output  Transition 

tjLH 

2 

75 

95 

110 

Time 

tlHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

pF 

ANY  INPUT  - 
A  OR  B 


■■  6  ns 


-  tf  =  6  ns 


OUTPUT 

Y 


Y  r 

^  AZIZIm*. 

-   -— I     |—  >PHL 


'PLH — H 


INPUT  LEVEL 


GND 


—A   \—  tTLH 


t~-<THL 


54/74HC 

54/74HCT 

Input  Level 

vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Propagation  delay  and  transition  times. 


461 


Technical  Data 


CD54/74HC4002 
CD54/74HCT4002 


File  Number  1776 


High-Speed  CMOS  Logic 


92CS-3677IB2 

FUNCTIONAL  DIAGRAM 


Dual  4-lnput  NOR  Gate 


Type  Features: 

■  Typical  CD54/74HC4002    Propagation  Delay  =  8ns 
@  Vcc  =  51/,  CL  =  15pF,  fA  =  25°  C 


The  RCA-CD54/74HC4002  and  CD54/74HCT4002  logic 
gates  utilize  silicon-gate  CMOS  technology  to  achieve 
operating  speeds  similar  to  LSTTL  gates  with  the  low  power 
consumption  of  standard  CMOS  integrated  circuits.  All 
devices  have  the  ability  to  drive  10  LSTTL  loads.  The 
CD54/74HCT  logic  family  is  functionally  as  well  as  pin 
compatible  with  the  standard  54LS/74LS  logic  family. 

The  CD54HC/HCT4002  are  supplied  in  14-lead  ceramic 
dual-in-line  packages  (F  suffix).  The  CD74HC/HCT4002 
are  supplied  in  14-lead  dual-in-line  plastic  packages  (E  suf- 
fix) and  in  14-lead  dual-in-line  surface-mount  plastic 
packages  (M  suffix).  Both  types  are  also  available  in  chip 
form  (H  suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 

Standard  Outputs  -  70  LSTTL  loads 

Bus  driver  outputs  -  75  LSTTL  loads 
m  Wide  Operating  temperature  range: 

CD74HC/HCT:  -40  to  +85° C 
m  Balanced  propagation  delay  and  transition  times 

■  Significant  power  reduction  compared  to  LSTTL 
logic  ICs 

*  Alternate  source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 

High  noise  immunity:  Nil  =  30%,  W,H  =  30%  ot  Vcc, 
@  Vcc  =  5V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  input  logic  compatibility 

VIL  =  0.8V  max.,  Vm  =  2V  Min. 
CMOS  input  compatibility 

/,  <  7  fiA  @  Vol,  Voh 


Fig.  7  -  LOGIC  DIAGRAM  (One  Gale)  tor  HC4002. 


TRUTH  TABLE 


INPUTS 

OUTPUT 

nA 

nB 

nC 

nO 

nY 

L 

L 

L 

L 

H 

H 

X 

X 

X 

L 

X 

H 

X 

X 

L 

X 

X 

H 

X 

L 

X 

X 

X 

H 

L 

92CS-3979S 


H  =  High  Level 
L  =  Low  Level 
X  =  Don't  Care. 


Fig.  2-  LOGIC  DIAGRAM  for  HCT4002. 


Technical  Data 


CD54/74HC4002 
CD54/74HCT4002 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY -VOLT AGE,  (Vcc): 

(Voltages  referenced  to  ground)  "0-5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  l,K  (FOR  V< -0.5  V  OR  V,>  Vcc +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5V)   ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR -0.5  V<V„<  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  T.  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T»  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (TA): 

PACKAGE  TYPE  F,  H    -55  to +1 25° C 

PACKAGE  TYPE  E,  M    -40  to +85°  C 

STORAGE  TEMPERATURE  (T,„)   -65  to  +  150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times  t„  t, 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


92CS-39798 

TERMINAL  ASSIGNMENT 
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Technical  Data  

CD54/74HC4002 
CD54/74HCT4002 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC4002/CD54HC4002 

CD74HCT4002/CD54HCT4002 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lp 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125° C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  VIH 

2 

1.5 

1.5 

1-5 

4.5 
to 

5.5 

2 

2 

g  2 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4  2 

4.2 

Low- Level 

Input  Voltage  VIL 

2 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

08 

0.8 

08 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  VOH 
CMOS  Loads 

V|L 

or 

vfH 

-0.02 

2 

1.9 

19 

1.9 

VlL 

or 

v,„ 

4.5 

4.4 

4.4 

4,4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

TTL  Loads 

or 

V,H 

Vii 
or 
V,„ 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  V0L 
CMOS  Loads 

V1L 
or 

V,H 

002 

2 

0  1 

0.1 

0.1 

v,L 

or 

V,„ 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

VIL 

or 

V1H 

V,t 

or 

v,„ 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  1 

Vnr. 

or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
&  Grid 

5.5 

!0.1 

i1 

♦1 

*/A 

Quiescent 
Device 

Current               1, , 

V(;<: 

or 
Gnd 

0 

6 

2 

20 

40 

V,., 
or 
Gnd 

5.5 

2 

20 

40 

//A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec' 

V,  ,  -2  1 

4.5 
to 
55 

100 

360 

450 

490 

m 

'For  dual-supply  systems  theoretical  worst  case  (V,  -  2  4  V.  V..,  -  5  5  V)  speculation  is  18  mA 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

All 

0.45 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g..  360 //A  max.  (5)25°  C. 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Ta  =  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

(PF) 

HC 

HCT 

Propagation  Delay  Time: 
nA,  nB,  nC,  nD  to  nY  (Fig.  3) 

tpLH 
tpHL 

15 

8 
8 

9 
12 

ns 

Power  Dissipation  Capacitance* 



CpD 

22 

22 

PF 

*CPD  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
PD  =  Vcc^i  (CP0  +  CL)  where:  fi  =  input  frequency 

CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

Vcc 

25 

>C 

-40°  C  to +85°  C 

-55°Cto+125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

100 

125 

150 

nA,  nB,  nC,  nD 

4.5 

20 

22 

25 

28 

30 

33 

to  nY  (Fig.  3) 

6 

17 

21 

26 

2 

100 

125 

150 

tpHL 

4.5 

20 

29 

25 

36 

30 

44 

ns 

6 

17 

21 

26 

Transition  Time 

trm 

2 

75 

95 

110 

(Fig.  3) 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input 

Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 

I,  =6ns 
INPUT 


'PHL  H 


'THL  ' 


tf  =6ns 
 90% 


 V  -io% 


Si  .1  90% 

ru  j  vs 

!r  10% 


INPUT 
LEVEL 


*- 'TLH 
92CS-3799I 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

13V 

Fig.  3  -  Transition  limes  and  propagation  delay  times. 
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File  Number  1678 


High-Speed  CMOS  Logic 

Dual  4-Stage  Static  Shift  Register 


1CP- 
1MB- 


GNO-6 


-*>o 
-10, 
-nz 
-<o5 


-202 
-20, 


Type  Feature*: 

■  Maximum  frequency,  typically  60  MHz 
Cl  =  15pF,  Vcc  =  5V,  Ta  =  25°C 

■  Positive-edge  clocking 

■  Overriding  reset 

■  Buffered  inputs  and  outputs 


»aC8-384BlB1 

FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC4015  and  CD54/74HCT4015  consist 
of  two  identical,  independent,  4-stage  serial-input/parallel- 
output  registers.  Each  register  has  independent  CLOCK 
(CP)  and  RESET  (MR)  inputs  as  well  as  a  single  serial  DATA 
input.  "Q"  outputs  are  available  from  each  of  the  four  stages 
on  both  registers.  All  register  stages  are  D-type,  master- 
slave  flip-flops.  The  logic  level  present  at  the  DATA  input  is 
transferred  into  the  first  register  stage  and  shifted  over  one 
stage  at  each  positive-going  clock  transition.  Resetting  of 
all  stages  is  accomplished  by  a  high  level  on  the  reset  line. 

The  device  can  drive  up  to  1 0  low  power  Schottky  equivalent 
loads.  The  CD54/74HCT4015  is  an  enhanced  version  of 
equivalent  CMOS  types. 

The  CD54HC4015  and  CD54HCT4015  are  supplied  in 
16-lead  hermetic  dual-in-line  ceramic  packages  (F  suffix). 
The  CD74HC4015  and  CD74HCT4015  are  supplied  in 
16-lead  dual-in-line  plastic  packages  (E  suffix)  and  in 
16-lead  dual-in-line  surface  mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form 
(H  suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT :  -40  to  +85°C 

•  Balanced  propagation  delay  and 
transition  times 

■  Significant  power  reduction  compared  to 
LSTTL  logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity:  Wil=30%,  Nm=30%  of  Vcti 
@  Vcc=5  V 

■  CD54HCTICD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

VIL=0.8  V  max.,  Vm=2  V  min. 
CMOS  input  compatibility 

I,<1UA@  VOL,  Voh 


— w 

2CP   

1 

16 

 vcc 

2Q3  

2 

15 

  2D 

1Q2  

3 

14 

  2  MR 

10|   

4 

13 

 2Q0 

1Q0  

5 

12 

 20, 

1  MR   

6 

11 

 2B2 

1  D   

r 

10 

 103 

SND   

e 

9 

 1CP 

9ZCS-SB4 

J9RI 

TERMINAL  ASSIGNMENT 
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i  5(13) 


)4(12) 


)3<11) 


)  2(10) 


7(15) 

DATAO[>— {>- 
9(1) 

cpoO-O- 

6(14) 
MRO|>H>^ 


d  a 

D  0 
CPR  Q 

D  Q 
CPR  0 

CPR  Q 

D  Q 
CPR  0 

r 

92CS-38518R2 

Fig.  1  -  Logic  diagram  for  one-half  CD54/74HC/HCT4015. 


Fig.  2  -  Flip-flop  detail. 
LOGIC  TABLE 


INPUTS 

OUTPUTS 

CP 

D 

R 

Qo 

a, 

Q2 

I 

L 

L 

q'o 

q'i 

q'z 

J~ 

h 

L 

H 

q'o 

q'i 

q'2 

!"\_ 

X 

L 

q'o 

q'i 

q'z 

q'o 

X 

X 

H 

L 

L 

L 

L 

H  =  HIGH  voltage  level. 

h  =  HIGH  voltage  level  one  setup  time  prior  to  the  LOW- 

to-HIGH  clock  transition. 
L  =  LOW  voltage  level. 

I  =  LOW  voltage  level  one  setup  time  prior  to  the  LOW- 

to-HIGH  clock  transition. 
q'n=  Lower  case  letters  indicate  the  state  of  the 

referenced  output  one  set-up  time  prior  to  the  LOW- 

to-HIGH  clock  transition. 
X  =  Don't  Care. 

_T  =  LOW-to-HIGH  clock  transition. 
"V  =  HIGH-to-LOW  clock  transition. 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLT  AGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT.  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V,  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT.  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

ForT.  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  Ta  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -55  to  +1 00°  C  (PACKAGE  TYPE  F.  H)    500  mW 

For  Ta  =  +100  to  +125"C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  Ta  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F,  H  -55  to  +125°  C 

PACKAGE  TYPE  E.  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1 .59  mm) 
with  solder  contacting  lead  tips  only   +300°C 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage,  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature,  T4: 

CD74  Types 

-40 

+85 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times,  t,,ti: 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

•Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC401 5/CD54HC401 S 

CD74HCT4015/CD54HCT4015 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

lo 
mA 

Vcc 
V 

+25°  C 

-40/ 
*»5°C 

-55/ 
+125-0 

V, 
V 

Vcc 
V 

♦25°C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High- Level 

Input  Voltage  vIH 

2 

1 .5 

- 

1 .5 

- 

1 .5 

- 

4.5 
5.5 

2 



2 

_ 

2 

V 

4  5 

3.15 

- 

- 

3.15 

- 

3.15 

— 

g 

4.2 

4.2 

4.2 

Low- Level 

Input  Voltage  V1L 

2 

0.5 

0.5 

0.5 

4.5 
5.5 

- 

- 

0.8 

- 

08 

- 

0.8 

V 

- 

1  35 

1.35 

1.35 

6 

1  8 

1  8 

1  R 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

VlL 

or 

V|H 

-0.02 

2 

1.9 

1.9 

1.9 

Vil 
or 
V,H 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

- 

4.4 

- 

4.4 

6 

5.9 

5.9 

5.9 

- 

TTL  Loads 

V,L 
or 
V,„ 

Vil 
or 
V,„ 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low- Level 

Output  Voltage  Vol 
CMOS  Loads 

Vil 
or 
V,„ 

0.02 

2 

0.1 

0.1 

0.1 

Vil 
or 
V,„ 

4.5 

0  1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,t 

V,L 

0.26 

0.4 

4.5 

0  26 

0.33 

0.4 

or 

Hm 

4 

v,„ 

4.5 

0.33 

V 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

*<A 

Quiescent  Device 
Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

aj 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alcc* 

Vcc  -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

fA 

•For  dual-supply  systems  theoretical  worst  case  (Vi  «  2.4  V,  Vcc  ■  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

DATA 

0.15 

CP 

0.45 

MR 

0.15 

'Unit  load  is  A  lCc  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  ^A  max.  @  25°  C. 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T,  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

cL 

Typical 

Units 

PF 

HC 

HCT 

Propagation  Delay 
CP  to  Qn 

tpHL 
tpLH 

15 

14 

14 

ns 

MR  to  Qn 

tpHL 

15 

25 

Maximum  Clock  Frequency 

fMAX 

15 

60 

MHz 

Power  Dissipation  Capacitance* 

CpD* 

- 

43 

43 

PF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  shift  register. 
Po=Cpo  Vcc2  fi  +  I  CL  Vcc2  to  where:  fi=input  frequency,  fo=output  frequency 
CL=load  capacitance 
VCc=supply  voltage 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


25°  C 

-40°Cto  +85°  C 

-55°Cto  +125 

■c 

CHARACTERISTIC 

SYMBOL 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Maximum  Clock 

2 

6 

5 

4 

Frequency 

f  MAX 

4.5 

30 

30 

24 

24 

20 

20 

MHz 

(See  Fig.  3) 

6 

35 

28 

24 

Clock  Pulse 

2 

80 

100 

120 

Width 

tw 

4.5 

16 

16 

20 

20 

24 

24 

(See  Fig.  3) 

6 

14 

17 

20 

2 

150 

190 

225 

MR  Pulse  Width 

tw 

4.5 

30 

30 

38 

38 

45 

45 

(See  Fig.  4) 

6 

26 

33 

38 

MR  Recovery 

2 

50 

65 

75 

Time 

tp.EC 

4.5 

10 

15 

13 

19 

15 

22 

ns 

(See  Fig.  4) 

6 

9 

11 

13 

Setup  Time 

tsjL 

2 

60 

75 

90 

Data-in  to  CP 

tsuH 

4.5 

12 

16 

15 

20 

18 

24 

(See  Figs.  5  &  6) 

6 

10 

13 

15 

Hold  Time: 

2 

Data-in  to  CP 

tH 

4.5 

0 

0 

0 

0 

0 

0 

(See  Figs.  5  &  6) 

6 

SWITCHING  CHARACTERISTICS  (C=50  pF,  Input  t„t,=6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°Cto  +125 

'C 

CHARACTERISTIC 

SYMBOL 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

2 

175 

220 

270 

Clock  to  Qn 

4.5 

35 

35 

44 

44 

54 

54 

6 

30 

37 

46 

tpLH 

2 

275 

345 

415 

MR  to  Qn 

tPHU 

4.5 

55 

60 

64 

75 

83 

90 

(Clock  High) 

6 

47 

54 

71 

2 

325 

400 

490 

MR  to  Qn 

4.5 

65 

65 

81 

81 

98 

98 

ns 

(Clock  Low) 

6 

55 

69 

83 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

t-TML 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

470 


~"i  h",r  ~"i  h"'» 

- — >w— »j 

— "1     ^~'PLH       'pHL~H  t  I*- 

T  .0°^  Vi 

— *1  r*-'TLH  'thl— H  r*- 


■  INPUT  LEVEL 


9JCS-3B477 


Fig.  3  -  Clock-to-output  delays  and  clock  pulse  width. 


INPUT  LEVEL 


ANY 
OUTPUT 


INPUT  LEVEL 


92CS- 38476 


Fig.  4  -  Master  Reset  pulse  width.  Master  Reset  to  output 
delay  and  clock  recovery  times. 


*■  *-»H(L>* 


INPUT  LEVEL 
GND 


INPUT  LEVEL 
GND 


cp   y^s  ^ 


-  INPUT  LEVEL 
-GND 

-INPUT  LEVEL 

—  GND 


92CS-384B0RI 


92CS-38479RI 


Fig.  5  -  Data  set-up  and  hold  times. 


Fig.  6  -  Data  set-up  and  hold  times. 


54/74HC 

54/74HCT 

Input  Level 

VCC 

3V 

Switching  Voltage,  Vs 

50%  VCC 

1.3  V 

Technical  Data  ,  

CD54/74HC4017  File  Number  1 639 

CD54/74HCT4017 


High-Speed  CMOS  Logic 


CLOCK  13 


MASTER 
RESET 


1 1 


12  TERMINAL 
COUNT 

92CS-38460 

FUNCTIONAL  DIAGRAM 
CDS4/74HC4017,  CD54/74HCT4017 


Decade  Counter/ Divider  with 
10  Decoded  Outputs 


Type  Features: 

■  Fully  static  operation 

■  Buffered  inputs 

■  Common  reset 

■  Positive  edge  clocking 

■  Typical  /m«  =  50  MHz  @  Vcc  =  5  V,  CL  =  75  pF,  7V  =  25°  C 


The  RCA-CD54/74HC4017  and  CD54/74HCT4017  are  high 
speed  silicon  gate  CMOS  5-stage  Johnson  counters  with  10 
decoded  outputs.  Each  of  the  decoded  outputs  is  normally 
low  and  sequentially  goes  high  on  the  low  to  high  transition 
of  the  CLOCK  (CP)  input.  Each  output  stays  high  for  one 
clock  period  of  the  10  clock  period  cycle.  The  CARRY  (TC) 
output  transitions  low  to  high  after  OUTPUT  10  goes  low, 
and  can  be  used  in  conjunction  with  the  CLOCK  ENABLE 
(CE)  to  cascade  several  stages.  The  CLOCK  ENABLE  input 
disables  counting  when  in  the  high  state.  A  RESET  (MR) 
input  is  also  provided  which  when  taken  high  sets  all  the 
decoded  outputs,  except  "0",  low. 

The  device  can  drive  up  to  10  low  power  Schottky  equiva- 
lent loads.  The  CD54/74HCT401 7  is  an  enhanced  version  of 
equivalent  CMOS  types. 

The  CD54HC4017  and  CD54HCT4017  are  supplied  in 
16-lead  hermetic  dual-in-line  ceramic  packages  (F  suffix). 
The  CD74HC4017  and  CD74HCT4017  are  supplied  in 
16-lead  dual-in-line  plastic  packages  (E  suffix)  and  in 
16-lead  dual-in-line  surface  mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form 
(H  suffix). 

TRUTH  TABLE 


CP 

CE 

MR 

Output  State- 

L 

X 

L 

No  Change 

X 

H 

L 

No  Change 

X 

X 

H 

"0"=H,  "1"-"9"=L 

y- 

L 

L 

Increments  Counter 

"V. 

X 

L 

No  Change 

X 

y 

L 

No  Change 

H 

L 

Increments  Counter 

H  »  High  Level 

L  =  Low  Level 
>_  ■  High-to-Low  Transition 
■f  •  Low-to-High  Transition 

X=Don  t  Care 

•Ifn<5  TC=H,  Otherwise=L 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  —  10  LSTTL  Loads 
Bus  Driver  Outputs  —  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HC  T:    -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Signilicant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity:  N,L  =  30%,  W,H  =  30%  of  Vcc 
@  Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

=  0.8V  Max.,  Vm  =  2V  Min. 
CMOS  Input  Compatibility 
h<1pA@  Vol,  Voh 


— vcc 

,-4 

!*-MR 

o-3- 

i*-cp 

!*-tc 

7-t 

3-i 

GND  — 5 

iuB 

92CS- 

38459 

TERMINAL  ASSIGNMENT 


 Technical  Data 

CD54/74HC4017 
CD54/74HCT4017 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  I*  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)   +  20  mA 

DC  OUTPUT  DIODE  CURRENT.  lOK  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   +  20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +0.5  V)   +  25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice)    ±  50  mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  Ta  =  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/"C  to  300  mW 

For  T,  =  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)   Derate  Linearlv  at  8  mW/°C  to  3no  mW 

For  Ta  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E.  M  -40  to  +85°C 

STORAGE  TEMPERATURE  (Tslg)  -65  to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°C 


Ft 


D  C 
C  „  O 


  13 

ceO 

14 

cpQ- 


92CL-3646IRI 


Fig.  1  —  Logic  diagram  for  the  CD54/74HC/HCT 4017 


.473 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CO74HC4017/CD54HC4017 

CD74HCT4017/CD54HCT4017 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 
mA 

Vcc 
V 

+is°c 

-40/ 
+85°C 

-55/ 
+12S°C 

V, 
V 

Vcc 
V 

+25°C 

-40/ 
+85°C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Min 

Typ 

Max 

Min 

Max 

Mln 

Max 

High-Level 

Input  Voltage  Vm 

2 

4.5 
to 
5.5 

2 

- 

2 

- 

2 

- 

V 

4  5 

6 

4.2 

Low- Level 

Input  Voltage  V1L 

2 

45 

to 

5.5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4  5 

1  35 

1  35 

6 

High-Level 

Output  Voltage  Voh 
L/MUo  Loaas 

V* 

or 

V,H 

-0.02 

2 

V|L 

or 

V,H 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4  5 



— 

5.9 

— 

TTL  Loads 

Vll. 

or 
V,„ 

V,L 

or 
V,„ 

45 

3.98 

- 

- 

384 

- 

3.7 

- 

V 

-4 

4  5 

398 

- 

- 

3  84 

3  7 

- 

-5.2 

6 

5  48 

5  34 

5.2 

Low- Level 

Output  Voltage  Vol 
umuo  Loaas 

v.. 

or 

Vm 

0.02 

2 

0.1 

0  ' 

0  1 

v,t 
or 
VM 

4.5 

- 

- 

0.1 

- 

0.1 

- 

0.1 

V 

4.5 

- 

0  1 

0  1 

0.1 

6 

0.1 

0.1 

0. 1 

TTL  Loads 

V* 
or 
v,„ 

Vii 
or 

VjH 

45 

- 

- 

0.26 

- 

0.33 

- 

0.4 

V 

4 

4.5 

026 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

+0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 
* 

Gnd 

55 

±0.1 

±1 

±1 

fA 

Quiescent 
Device 

Current  ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

55 

8 

80 

160 

VA 

Additional 
Quiescent 
Device  Current 
per  input  pin: 
1  unit  load  Alec' 

Vcc  -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

pA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  "  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

CP 

0.15 

CE 

0.25 

MR 

0.3 

'Unit  load  is  AICc  limit  specified  in  Static  Characteristic  Chart,  e.g.,  360  /jA  max.  @  25°C. 
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Technical  Data 


CD54/74HC4017 
CD54/74HCT4017 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times,  t„  tf 

at2V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  Tfl  =  25°C,  Input  t»  t, 


CHARACTERISTIC 

SYMBOL 

Cl 
(PF) 

Typical  Values 

UNITS 

HC 

HCT 

Propagation  Delay 
CP  to  Out 

tpLH 
tpHL 

15 

19 

19 

ns 

CP  to  TC 

tpLH 
tpHL 

15 

19 

19 

ns 

CE  to  Out 

tpLH 
tpHL 

15 

21 

21 

ns 

CEto  TC 

tpLH 
tpHL 

15 

21 

21 

ns 

MR  to  Out 

tpLH 
tpHL 

15 

19 

19 

ns 

MR  to  TC 

tpLH 
tpHL 

15 

19 

19 

ns 

Max.  CP  Frequency 

ffVlAX 

15 

60 

50 

MHz 

Power  Dissipation  Capacitance* 

CpD 

39 

39 

PF 

*CpD  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Pd  =  CpD  Vcc2  fi  +  2  C  Vcc2  fo  where  fi  =  input  frequency. 

fo  =  output  frequency. 

Ct  =  output  load  capacitance 

Vcc  =  supply  voltage. 
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Technical  Data  

CD54/74HC4017 
CD54/74HCT4017 

PREREQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

CHARACTERISTIC 

TEST 

25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

CONDITION 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Vcc 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

CP  Pulse  Width  t„ 

2 

4.5 
b 

80 
16 
14 

16 

100 
20 
17 

20 

120 
24 
20 

24 

ns 

rvin  ruise  wiam  iw 

2 
5 

80 
16 
14 

16 

100 
20 
17 

20 

120 
24 
20 

24 

ns 

Max.  Clock  Freq.  fCi.(max.) 

2 

4.5 
6 

6 

30 
35 

25 

5 

35 
49 

20 

4 

20 
23 

17 

MHz 

CEtoCP 

Setup  Time  tsu 

2 

4.5 
6 

75 
15 
13 

15 

95 
19 
16 

19 

110 
22 
19 

22 

ns 

CEtoCP 

Hold  Time  Ih 

2 

4.5 
6 

0 
0 
0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

ns 

2 

5 

5 

5 

MR  Removal  Time  W 

4.5 

5 

5 

5 

5 

5 

5 

ns 

6 

5 

5 

5 

SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t,  t,  =  6  ns) 


25 

>C 

-40°C  to  +85° 

C 

-55°C  to 

+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

230 

290 

345 

CP  to  any 

tpHL 

4.5 

46 

46 

58 

58 

69 

69 

ns 

Dec.  Out 

6 

39 

49 

59 

tpLH 

2 

230 

290 

345 

CP  to  TC 

tpHL 

4.5 

46 

46 

58 

58 

69 

69 

ns 

6 

39 

49 

59 

tpm 

2 

250 

315 

375 

CE  to  any 

tPHL 

4.5 

50 

50 

63 

63 

75 

75 

ns 

Dec.  Out 

6 

43 

54 

64 

tpLH 

2 

250 

315 

375 

CEtoTC 

tPHL 

4.5 

50 

50 

63 

63 

75 

75 

ns 

6 

43 

54 

64 

MR  to  any 
Dec.  Out 

tpLH 

2 

230 

290 

345 

tpHL 

4.5 
6 

46 
39 

46 

58 
49 

58 

69 
59 

69 

ns 

tptH 

2 

230 

290 

345 

MR  to  TC 

tPHL 

4.5 

46 

46 

58 

58 

69 

69 

ns 

6 

39 

49 

59 

Transition  Time 

tTHL 

2 

75 

95 

110 

TC,  Dec.  Out 

tnx 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

Cm 

10 

10 

10 

10 

10 

10 

pF 

476 


INPUT  LEVEL 
GND 


«PLH  — 


DECODED 
OUTPUT 


-  >w  -I 

I—* 


-INPUT  LEVEL 
 GND 


-  |—-<PHL 


-*"'PLH 

"O",  TC  j 

CLOCK 
ENABLE 


CLOCK 


'HL— J       H~  H~ 


INPUT  LEVEL 
—  GND 


NABLE 
'PLH 


DECODED 
OUTPUT 


-INPUT  LEVEL 
—  GND 


CLOCK  V 

ENABLE 

<su  - 

CLOCK 

J 


•w 


-INPUT  LEVEL 
—  GND 


-  INPUT  LEVEL 
-GND 


92CL-38462RI 


CD54/74HC 

CD54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

0.5  Vcc 

1.3  V 

Transition  times  and  propagation  delay  times. 


92CM-38463 


Timing  diagram  for  the  CD54I74HCIHCT4017 


High-Speed  CMOS  Logic 


14-Stage  Binary  Counter 


Type  Features: 

■  Fully  static  operation 

■  Buffered  inputs 

■  Common  reset 

■  Negative  edge  pulsing 

■  Typical  /max  =  50  MHz  @  Vcc  : 


5V,CL  =  15,  rA  =  25°C 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC4020  and  CD54/74HCT4020  are  14- 
stage  ripple-carry  binary  counters.  All  counter  stages  are 
master-slave  flip-flops.  The  state  of  the  stage  advances  one 
count  on  the  negative  transition  of  each  input  pulse;  a  high 
voltage  level  on  the  MR  line  resets  all  counters  to  their  zero 
state.  All  inputs  and  outputs  are  buffered. 

The  CD54HC4020  and  CD54HCT4020  are  supplied  in  16- 
lead  hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC4020  and  CD74HCT4020  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  package  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 

TRUTH  TABLE 


<t> 

MR 

Output  State 

L 

No  Change 

L 

Advance  to  next  state 

X 

H 

All  Outputs  are  low 

H  =  high  level  (steady  state) 
L  =  low  level  (steady  state) 
care 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  ■  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HC  T:    -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  NIL=30%,  A/,H=30%  of  Vcci 
@  VCc=5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,l=0.8  V  Max.,  V,H=2  V  Min. 
CMOS  Input  Compatibility 

l,<1vA@VOL.  Voh 


♦o-Ot|>— F^H* 

I  f_o--» 


Fig.  1  -  Logic  block  diagram. 
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.Technical  Data 


CD54/74HC4020 
CD54/74HCT4020 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE.  (VCc): 

(Voltages  referenced  to  ground)   "0-5  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  I,„  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  ♦0.5V)   +20mA 

DC  OUTPUT  DIODE  CURRENT.  lo«  (FOR  V„  <  -0.5  V  OR  V0  >  Vcc  +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  Ta  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  = -55  to +100°C  (PACKAGE  TYPE  F.H)    500  mW 

For  T,  =  +100  to  +  125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T.  =  +70  to  125°  C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°  C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F.  H   -55to+125°C 

PACKAGE  TYPE  E,  M    -40  to +85°  C 

STORAGE  TEMPERATURE  (T,„)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  T.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  T»=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vin,  VOUi 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times  t,,ti 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


F/F1  ONLY  R 


Fig.  2  -  Detail  lor  llip-llops  1,  2,  3,  5,  6,  8,70,  11,  13  &  14. 


Fig.  3  -  Detail  lor  llip-llops  4,7,  9  &  12. 
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CD54/74HC4020 
CD54/74HCT4020 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC4020/CD54HC4020 

CD74HCT4020/CD54HCT4020 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

S4HCT 
TYPES 

CHARACTERISTIC 

UNITS 

V, 
V 

■o 
mA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦  12S°C 

Min 

Typ 

Max 

Mln 

Max 

Min 

Mai 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-LsvGl 

2 

1 .5 

1 .5 

1.5 

4.5 

mpui  vuiidye  Vih 

4.5 

3.15 

3.15 

3  15 

- 

to 

2 

- 

2 

2 

6 

4,2 

4.2 

4.2 

5.5 

Low-Level 

2 

0.5 

0.5 

0.5 

4.5 

Input  Voltage  V(l 

4.5 

1.35 

1.35 

1.35 

- 

to 

0.8 

08 

0.8 

6 

- 

1.8 

1.8 

1.8 

5.5 

High-Level 

y» 

2 

1.9 

1.9 

1.9 

v„ 

Output  Voltage  Voh 

or 

-0  02 

4.5 

4.4 

4.4 

4.4 

or 

4.5 

4  4 

4  4 

4  4 

V 

omuo  Loaas 

v„ 

6 

5.9 

5.9 

5.9 

V,„ 

Vn 

TTL  Loads 

or 

-4 

4.5 

396 

384 

3.7 

or 

45 

398 

- 

384 

3  7 

V 

v„ 

-52 

6 

548 

534 

5  2 

v„ 

Low-Level 

v,t 

2 

0.1 

0  1 

0.1 

V, 

Output  Voltage  Vo. 

or 

002 

45 

01 

0  1 

0.1 

or 

45 

0  1 

0  1 

0.1 

V 

v„ 

6 

0  1 

0.1 

0  1 

V„ 

V,. 

Vi 

TTL  Loads 

or 

4 

4.5 

026 

033 

0.4 

or 

45 

026 

0  33 

04 

V 

V,„ 

52 

6 

026 

033 

04 

V„ 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

♦1 

;1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

±0.1 

±1 

±1 

fjA 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

UA 

Current  lcc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load       A  Ice* 

Vcc-2.1 

45 

to 
5.5 

100 

360 

450 

490 

UA 

•For  dual-aupply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  ■  5.5  V)  specification  is  1.8  mA 
HCT  Input  Loading  Table 


Input 

Unit  Loads* 

MR 

0 

0.65 
0.5 

Q5  — 

Q7  — 


'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart. 

e.g..  360 pA  max.  @  25°C. 
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—  MR 

9 

—  Q1 


TERMINAL  ASSIGNMENT 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T«  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

cL 

dF 

Typical 

Units 

HC 

HCT 

Propagation  Delay  <t>  to  QV  Output 



tpLH 
'PHI 

15 

11 

17 

ns 

Propagation  Delay  Q„  to  Q„ , , 

tpLM 
PHL 

15 

6 

6 

ns 

Propagation  Delay  MR  to  0„ 

PHL 

15 

14 

17 

MHz 

Power  Dissipation  Capacitance- 

30 

30 

PF 

•Cpd  is  used  to  determine  the  power  consumption,  per  package. 
PD  =  Cpo  Vcc2  fit  I  (G.  Vcc2  fi/M)  where: 
M  =  2'.2\  2*  ...2" 
CL  =  output  load  capacitance 
fi  =  input  frequency 


Prerequisite  (or  Switching  Function 


25°  C 

-40°Cto  +85° 

C 

-55°  Ctc 

+125 

"C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max; 

Mln. 

Max. 

Min. 

Max. 

Maximum  Input  Pulse 

2 

6 

5 

4 

Frequency 

fMAX 

4.5 

30 

25 

25 

20 

20 

16 

MHz 

6 

35 

29 

24 

Input  Pulse  Width 

tw 

2 

80 

100 

120 

(Figure  4) 

4.5 

16 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

Reset  Removal  Time 

tREM 

2 

50 

65 

75 

(Figure  5) 

4.5 
6 

10 
9 

10 

13 
11 

13 

15 
13 

15 

ns 

Reset  Pulse  Width 

tw 

2 

80 

100 

120 

(Figure  5) 

4.5 

16 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

■ 


SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  tr,t,=6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°CtO+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tpLH 

2 

140 

175 

210 

0  to  QV  Output 

tpHL 

4.5 

28 

40 

35 

50 

42 

60 

ns 

(Figure  4) 

6 

24 

30 

36 

Propagation  Delay 

tPLH 

2 

75 

95 

110 

Q„  to  Qn+1 

tpHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

(Figure  4) 

6 

13 

16 

19 

Propagation  Delay 

tpHL 

2 

170 

215 

255 

MR  to  Q„ 

4.5 

34 

40 

43 

50 

51 

60 

ns 

(Figure  5) 

6 

29 

37 

43 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

(Figure  4) 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 
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Technical  Data 


File  Number  1683 


CD54/74HC4024 
CD54/74HCT4024 


High-Speed  CMOS  Logic 


7-Stage  Binary  Ripple  Counter 


Type  Features: 

■  Fully  static  operation: 

■  Buffered  inputs: 
m  Common  reset 

m  Typical  fwox  =  50  MHz  @  Vcc  =  5  V,  Cl  =  J  5  pF,  Ti  =  25°  C 


92CS-38450RI 

CD54/74HC4024,  HCT4024 
FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC4024  and  CD54/75HCT4024  are  7- 
stage  ripple-carry  binary  counters.  All  counter  stages  are 
master-slave  flip-flops.  The  state  of  the  stage  advances  one 
count  on  the  negative  transition  of  each  input  pulse;  a  high 
voltage  level  on  the  MR  line  resets  all  counters  to  their  zero 
state.  All  inputs  and  outputs  are  buffered. 

The  CD54HC4024  and  CD54HCT4024  are  supplied  in  16- 
lead  hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC4024  and  CD74HCT4024  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


mrM>{M> 


gndO 

14 

vccO 


Family  Feature*: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

m  Wide  operating  temperature  range: 
CD74HC/HC  T:    -40  to  +85°  C 

■  Balanced  propagation  delay  and 
transition  times 

■  Significant  power  reduction  compared  to 
LSTTL  logic  ICs 

m  Alternate  source  is  Philips/Signetics 
m  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity:  A/iL=  30%,N,H=30%  of  VCc 
@  l^cc  =5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

Vl{.=0.8  V  max.,  V,„=2  V  min. 
CMOS  input  compatibility 

/,<  f  t*A  @Vou  Voh 

-,  TRUTH  TABLE 


0 

MR 

OUTPUT  STATE 

L 

No  Change 

"V 

L 

Advance  to  Next  State 

X 

H 

All  Outputs  are  Low 

H  =  high  level  (steady  state) 
L  =  low  level  (steady  state) 
X  =  don't  care 


92CM-38«IR3 


Fig.  1  -  Logic  diagram  for  the  CD54/74HC/HCT4024. 


Technical  Data 


CD54/74HC4024 
CD54/74HCT4024 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT.  I,„  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  I0k  (FOR  V„  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V„<  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  TA  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  T»  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -55  to  +1 00°  C  (PACKAGE  TYPE  F,  H)  500  mW 

For  T.  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +1 25°  C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°  C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.,0)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 

RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 
CD54/74HCT  Types 

2 
4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage,  V,,  V0 

0 

Vcc 

V 

Operating  Temperature,  Ta: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°c 

Input  Rise  and  Fall  Times,  t„t(: 
at  2  V 
at  4.5  V 
at  6  V 

0 

0 
0 

1000 
500 
400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


92CS-40280 


FLIP-FLOP  DETAIL 

Fig.  2  -  Flip-Hop  No.  1  detail. 


92CM-36452RI 


Fig.  3  -  Detail  tor  flip-flops  2  through  7. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC4024/CD54HC4024 

CD74HCT4024/CDS4K 

CT4024 

UNITS 

TEST 
CONDITIONS 

74HC/S4HC 
TYPE 

74HC 
TYPE 

S4HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

S4HCT 
TYPE 

V, 
V 

lo 
mA 

Vcc 
V 

♦25°  C 

-40/ 
»«5°C 

-55/ 
♦125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
*tS'C 

-55/ 
♦125°C 

Mln 

Typ 

Mai 

Mln 

Mu 

Mln 

Max 

Mln 

Typ 

Mm 

Mln 

Mu 

Mln 

Mu 

High-Level 

Input  Voltage  V,„ 

2 

1.5 

1.5 

1.5 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

3.15 

3.15 

— 

6 

4.2 

— 

— 

4.2 

— 

4.2 

Low-Level 

Input  Voltage  V«. 

2 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

0.8 

0.8 

0.8 

V 

4.5 

— 

— 

1.35 

— 

1.35 

— 

1.35 

6 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

V,L 

or 
V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

Vi 
or 
v,» 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

TTL  Loads 

Vit 
or 

Vim 

V,t 
or 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

548 

5.34 

5.2 

Low- Level 

Output  Voltage  V«. 
CMOS  Loads 

v«. 

or 

V,H 

0.02 

2 

- 

0.1 

0.1 

0.1 

Vs. 
or 
V,„ 

4.5 

- 

- 

0.1 

- 

0.1 

- 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0  1 

0.1 

TTL  Loads 

V|L 

or 

Vim 

Vi 
or 

4.5 

- 

- 

0.26 

- 

0.33 

- 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

g 

0.26 

033 

0.4 

Input  Leakage 
Current  1, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

*<A 

Quiescent  Device 
Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

BO 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

«A 

Additional 
Ouiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc  -2  1 

4.5 
to 

5.5 

100 

360 

450 

490 

•For  dual-supply  system  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specilication  is  1  8  mA 
HCT  Input  Loading  Table 


Input 

Unit  Loads* 

<t>  ,  MR 

0.5 

'Unit  Load  is  AICc  limit 
specified  in  Static 
Characteristics  Chart, 
e.g.,  360 //A  max.@25°C. 


M 

MR  — 

ia_Nc 

Q7-* 

Q6-1 

U-Q2 

OS -5 

15- NC 

04-5 

5-03 

GND  — — 

5-NC 

TOP  VIEW 

92CS-38453RI 

TERMINAL  ASSIGNMENT 


SWITCHING  CHARACTERISTICS  (VCc=5  V,  TA=25°C,  Input  t„t,=6  ns) 


TYPICAL  VALUES 

CHARACTERISTIC 

3IMDUL 

HC 

HCT 

UNITS 

Propagation  Delay 
*  toQl' 

tpHL 
tPLH 

15 

I  I 

Qn  to  Qn+1 

15 

6 

6 

ns 

tpLH 

MR  to  Q„ 

tpHL 
tpLH 

15 

14 

17 

Power  Dissipation  Capacitance* 

CpD 

30 

30 

pF 

CpD  is  used  to  determine  the  dynamic  power  consumption,  per  package. 

Pd  =  Cpd  Vcc2  fi  +  I  (Cl  Vcc2  ti/M)  where: 

M=2',22,23,2*,25,26,27 

CL=output  load  capacitance 

f i=input  frequency 


Prerequisite  for  Switching  Function 


25°  C 

-40°Cto  +85°  C 

-55rCto+.125°C 

CHARACTERISTIC 

SYMBOL 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Maximum  Input 

2 

6 

5 

4 

Pulse  Frequency 

flUlAX 

4.5 

30 

25 

24 

20 

20 

16 

MHz 

6 

35 

29 

24 

Input  Pulse  Width 

tw 

2 

80 

100 

120 

4.5 

16 

20 

20 

25 

24 

30 

6 

14 

17 

20 

Reset  Removal  Time 

tREM 

2 

50 

65 

75 

4.5 
6 

10 
9 

10 

13 
11 

13 

15 
13 

15 

ns 

Reset  Pulse  Width 

tw 

2 

80 

100 

120 

4.5 

16 

20 

20 

25 

24 

30 

6 

14 

17 

20 

SWITCHING  CHARACTERISTICS  (C=50  pF,  Input  l„t,  =6  ns) 


CHARACTERISTIC 

25°  C 

-40°Cto  +85°  C 

-55' C  to  +.125°  C 

SYMBOL 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay, 

tPLH 

2 

140 

175 

210 

<p  to  Q1'  Output 

tPHL 

4.5 

28 

40 

35 

50 

42 

60 

ns 

6 

24 

30 

36 

Propagation  Delay 

tpLH 

2 

75 

95 

110 

Qn  to  Qn+1 

tPHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

13 

19 

Propagation  Delay 

tPHL 

2 

170 

215 

255 

MR  to  Q„ 

4.5 

34 

40 

43 

50 

51 

60 

ns 

6 

29 

27 

43 

Output  Transition 

tlLH 

2 

75 

95 

110 

Time 

tlHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

pF 

.  Technical  Data 


tr— 1   (--1   I—  '< 


'THL-J  U-       —J  U-tTLH 


'TLH 

92CS-38454RI 


CD54/74HC4024 
CD54/74HCT4024 


INPUT  LEVEL 
MR 


— -I       t— «PHL 


92CS-38455H2 


54/74HC 

54/74HCT 

Input  Level 

vcc 

3  V 

Switching  Voltage,  Vs 

50%  VCC 

1.3  V 

Fig.  4  -  Input  Pulse  ore-requisite  times,  propagation  delays 
and  output  transition  times. 


Fig.  5  -  Master  Reset  pre-requisite  and  propagation  delays. 
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Technical  Data 


CD54/74HC4040 
CD54/74HCT4040 


File  Number  1483 


High-Speed  CMOS  Logic 


1 2 -  STAGE 
RIPPLE 

-So. 

3» 

—  Q€ 

I 

COUNTER 

> 

r^-OB 

hiios 
-lio.0 

J5-o„ 
-1-0,2 

12  BUFFEI 

12-Stage  Binary  Counter 


Type  Features: 

■  Fully  static  operation 
m  Buffered  inputs 

■  Common  reset 

■  Negative  edge  pulsing 

■  Typical  f„„  =  50  MHz  @  Vcc  =  5  V,  C  =  f  5  pF,  T*  =  25°  C 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC4040  and  CD54/74HCT4040  are  12- 
stage  ripple-carry  binary  counters.  All  counter  stages  are 
master-slave  flip-flops.  The  state  of  the  stage  advances  one 
count  on  the  negative  transition  of  each  input  pulse;  a  high 
voltage  level  on  the  MR  line  resets  all  stages  to  their  zero 
state.  All  inputs  and  outputs  are  buffered. 

The  CD54HC4040  and  CD54HCT4040  are  supplied  in  16- 
lead  hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC4040  and  CD74HCT4040  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  package  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


TRUTH  TABLE 


0 

MR 

Output  State 

-T 

L 

No  Change 

"V. 

L 

Advance  to  next  state 

X 

H 

All  Outputs  are  low 

H  =  high  level  (steady  state) 
L  =  low  level  (steady  state) 
X  =  don't  care 


Family  Features: 

■  Fanout  (Over  Temperature  Flange): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:   -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to6V  Operation 

High  Noise  Immunity:  NIL=  30%,  NM=30%  of  VCc 
<3>  Vcc=5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL=0.8  V  Max.,  Vm=2  V  Min. 
CMOS  Input  Compatibility 

I,  <  7  vA  @  Vol,  Voh 


.15 

Oil  Q12 


Fig.  1  ■  Logic  block  diagram. 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (VCc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  I,k  (FOR  V,< -0.5  V  OR  V,  >VCC +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  lo«  (FOR  V„< -0.5  V  OR  V„  >  Vcc +0.5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (lcc)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  TA  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  T.  = +60  to +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW7°C  to  300  mW 

For  T»  >  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T.  =  +100  to  +  125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70° C  (PACKAGE  TYPE  M)    400  mW 

For  T*  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta); 

PACKAGE  TYPE  F,  H    -55  to  +125°  C 

PACKAGE  TYPE  E,  M    -40  to  +85°  C 

STORAGE  TEMPERATURE  (T,„)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1 .59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vin,  Voui 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

•c 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times  t„t( 

at2V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

F/F1  ONLY 


92CS- 40260 


Fig.  2  -  Detail  for  tiip-flops  1,  2,  4,  5,  7,  8,  10  &  11.  flfr  3  -  Detail  for  flip-flops  3,  6,  9  &  12. 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC4040/CD54HC4040 

CD74HCT4040/CO54HCT4O40 

CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

UNITS 

V, 
V 

mA 

Vcc 
V 

♦25°  C 

-40/ 
+85"  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

Mln 

Typ 

Max 

Min 

Mai 

Min 

Mai 

Mln 

Typ 

Mai 

Min 

Mai 

Min 

Mai 

High-Level 

2 

1.5 

— 

- 

1.5 

1.5 

4.5 

Inpul  Voltage  V„ 

4.5 

- 

3.15 

3.15 

- 

to 

2 

2 

2 

V 

6 

42 

- 

42 

4.2 

5.5 

Low-Level 

2 

0.5 

0.5 

0.5 

4.5 

Input  Voltage  V, 

4.5 

1.35 

1.35 

1.35 

- 

to 

0.8 

0.8 

0.8 

V 

6 

18 

1.8 

1.8 

5.5 

High-Level 

v,L 

2 

19 

- 

19 

1  9 

V, 

Output  Voltage  V0H 

or 

-0.02 

4.5 

4.4 

- 

44 

4.4 

or 

45 

44 

4.4 

4.4 

V 

CMOS  Loads 

V,„ 

6 

5.9 

- 

5.9 

5.9 

v,„ 

vlt 

V„ 

TTL  Loads 

or 

-4 

45 

3.98 

- 

- 

3.84 

- 

3  7 

- 

or 

45 

398 

- 

- 

384 

- 

3.7 

- 

V 

v,„ 

-5.2 

6 

5  48 

534 

5.2 

V« 

Low-Level 

v„ 

2 

0  1 

0.1 

01 

Vn. 

Output  Voltage  V0l 

or 

002 

45 

- 

0  1 

0  1 

0  1 

or 

45 

- 

-- 

0  1 

- 

0  1 

- 

0  1 

V 

CMOS  Loads 

v« 

6 

0  1 

0  1 

0.1 

V,„ 

v* 

v,t 

TTL  Loads 

or 

4 

4.5 

0.26 

0.33 

04 

or 

45 

- 

- 

026 

- 

033 

- 

04 

V 

v,„ 

52 

6 

0.26 

033 

04 

V,„ 

Input  Leakage 
Current  1, 

Vet 
or 
Gnd 

6 

±0.1 

+1 

!1 

Any 
Voltage 
Between 

Vcc 
4  Gnd 

5.5 

♦0.1 

±1 

+  1 

tfA 

Quiescent 
Device 

Current  lcc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

„A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load      A  Ice' 

Vcc-2  1 

4.5 
to 
5.5 

100 

360 

450 

490 

„A 

•For  dual-supply  systems  theoretical  worst  case  (V,  ■  2.4  V,  Vcc  "  5.5  V)  specitication  is  1 .8  mA. 


HCT  Input  Loading  Table 

an  — 

—  vcc 

ami 

Input 

Unit  Loads* 

—  Q10 

MR 

0.65 

Q7  — 

«•£ 

—  Q9 

0.5 

as-1 
«-? 

—  MR 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic  Chart. 

8 

GNO  — 

■tea 
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SWITCHING  CHARACTERISTICS  (VCc  =  5  V,  T,  =  25°  C,  Input  1„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

cL 

Typical 

PF 

HC 

HCT 

Units 

Propagation  Delay  i/>  to  QV  Output 

*PLH 
*PHL 

15 

11 

17 

ns 

Propagation  Delay  Qn  to  Q„ . , 

*PHL 
PHL 

15 

4 

4 

ns 

Propagation  Delay  to  MR  to  Q„ 

'phi 

15 

14 

17 

ns 

Power  Dissipation  Capacitance* 

CpD 

40 

45 

PF 

"Cpd  is  used  to  determine  the  power  consumption,  per  package. 
PD  =  Cpd  Vcc2  fi  +  1  (CL  Vcc2  fi/M)  where: 
M  =  2',  22.  23, . .  2" 
Cl  =  output  load  capacitance 
fi  =  input  frequency 


Pre-requlslte  tor  Switching  Function 


25 

'C 

-40°  C  to  +85° 

C 

-55"Cto 

+  125 

•c 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Min. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Maximum  Input  Pulse 

2 

6 

5 

4 

Frequency 

fMAX 

4.5 

30 

25 

25 

20 

20 

16 

MHz 

6 

35 

29 

24 

Input  Pulse  Width 

tw 

2 

80 

100 

120 

(Figure  4) 

4.5 

16 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

Reset  Removal  Time 

tREM 

2 

50 

65 

75 

(Figure  5) 

4.5 
6 

10 
9 

10 

13 
11 

13 

15 
13 

15 

ns 

Reset  Pulse  Width 

tw 

2 

80 

100 

120 

(Figure  5) 

4.5 

16 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  t„l,=6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tPLH 

2 

140 

175 

210 

0  to  QV  Output 

tPHL 

4.5 

28 

40 

35 

50 

42 

60 

ns 

(Figure  4) 

6 

24 

30 

36 

Propagation  Delay 

tPLH 

2 

75 

95 

110 

Q„  to  Qn+1 

tPHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

(Figure  4) 

6 

13 

16 

19 

Propagation  Delay 

tPHL 

2 

170 

215 

255 

MR  to  Q„ 

4.5 

34 

40 

43 

50 

51 

60 

ns 

(Figure  5) 

6 

29 

37 

43 

Output  Transition 

tlLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

(Figure  4) 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

Technical  Data 


CD54/74HC4040 
CD54/74HCT4040 


INPUT  LEVEL  - 


(Ql'l 


M 


a  i 


90% 

vs  - 

10%  10%. 


"'TLH 


54/74  HC 

54/  74  HCT 

INPUT  LEVEL 

vcc 

3V 

vs 

50% 

uv 

92CS-3T0IT 


Fig.  4  -  Input  pulse  pre-requisite  limes,  propagation 
delays  and  output  transition  times. 


INPUT  LEVEL   


INPUT  LEVEL  ll  l|  I- 

MR--VS  -rVS  vS-f" 

-4   ) 


54 /74  HC 

54/74  HCT 

INPUT  LEVEL 

Vcc 

3V 

vs 

50  %  VCC 

13V 

1  92CS-370I8P.I 

Fig.  5  -  Master  Reset  pre-requisite  and  propagation  delays. 
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Preliminary  Data 


High-Speed  CMOS  Logic 

Phase-Locked-Loop  with  VCO 


COMP.M 


vcOqut 


92CS-40592 

FUNCTIONAL  DIAGRAM 


Features: 

■  Operating  frequency  range  of  up  to 

18  MHz  (typ.)  at  Vcc  =  5  V 
m  Choice  of  three  phase  comparators: 

EXCLUSIVE-OFt: 

edge-triggered  JK  flip-flop; 

edge-triggered  RS  flip-flop 
m  Excellent  VCO  frequency  linearity 
m  VCO-inhibit  control  for  ON/OFF  keying 

and  for  low  standby  power 

consumption 
m  Minimal  frequency  drift 


m  Operating  power  supply  voltage  range: 

VCO  section  3  V  to  6  V; 

digital  section  2  V  to  6  V 
Applications: 

■  FM  modulation  and  demodulation 
m  Frequency  synthesis  and 

multiplication 
m  Frequency  discrimination 
m  Tone  decoding 

m  Data  synchronization  and  conditioning 
m  Voltage-to-frequency  conversion 
m  Motor-speed  control 


The  RCA  CD54/74  HC/HCT4046A  are  high-speed  Si-gate 
CMOS  devices  that  are  pin  compatible  with  the  CD4046B  of 
the  "4000B"  series.  They  are  specified  in  compliance  with 
JEDEC  standard  no.  7 

The  HC/HCT4046A  are  phase-locked-loop  circuits  that  con- 
tain a  linear  voltage-controlled  oscillator  (VCO)  and  three 
different  phase  comparators  (PC1,  PC2  and  PC3).  A  signal 
input  and  a  comparator  input  are  common  to  each 
comparator. 

The  signal  input  can  be  directly  coupled  to  large  voltage 
signals,  or  indirectly  coupled  (with  a  series  capacitor)  to 
small  voltage  signals.  A  self-bias  input  circuit  keeps  small 
voltage  signals  within  the  linear  region  of  the  input  amplifi- 
ers. With  a  passive  low-pass  filter,  the  4046A  forms  a 
second-order  loop  PLL.  The  excellent  VCO  linearity  is 
achieved  by  the  use  of  linear  op-amp  techniques. 

The  CD54HC4046A  and  CD54HCT4046A  are  supplied  in 
16-lead  ceramic  dual-in-line  packages  (F  suffix).  The 
CD74HC4046A  and  CD74HCT4046A  are  supplied  in  16-lead 
plastic  dual-in-line  packages  (E  suffix),  and  in  16-lead  sur- 
face mount  plastic  dual-in-line  packages  (M  suffix).  The 
CD54/74HC/HCT4046A  are  also  supplied  in  chip  form  (H 
suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range); 

Standard  Outputs  -  10  LSTTL  Loads 

Bus  Driver  Outputs  -  15  LSTTL  Loads 
m  Wide  Operating  Temperature  Range: 

CD74HC/HCT/HCU:  -40  to  +85° C 
m  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 
m  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  NIL  =  30%,  Nm  =  30%  of  Vcc 
@  Vcc  =  5  V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max.,  V,H  =  2  V  Min. 
CMOS  Input  Compatibility 

/,  <1  pA  @  Vol,  Voh 


PCPQUT  1 

H 

 vcc 

PCI  OUT  ~ 

 PC3oUT 

3 

com  Pin  

vcoout — - 

4046A 

—  PC20UT 

INH  — 

C1B— ^ 

—  DEMquT 

GND  £ 

 VCO|N 

92CS-4059I 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values 
DC  SUPPLY-VOLTAGE  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  lIK  (for  V,  <  -0.5  V  or  V,  >  Vcc  +  0.5  V)    ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  l0K  (for  Vo  <  -0.5  V  or  Vo  >  Vcc  +  0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (for -0.5  V  <V0<  Vcc +  0.5  V)   ,   +25  mA 

DC  Vcc  OR  GOUND  CURRENT  (Ice):    +50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  TA  = -40  to +60° C  (PACKAGE  TYPE  E)    500  mW 

For  Ta  -  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -55  to  +100° C  (PACKAGE  TYPE  F,  H)    500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -40  to  +70° C  (PACKAGE  TYPE  M)   400  mW 

For  TA  =  +70  to  +125°  C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (TA): 

PACKAGE  TYPE  F,  H    -55to+125°C 

PACKAGE  TYPE  E,  M   -40  to  +85° C 

STORAGE  TEMPERATURE  (Tstg)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300° C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  with  the 
following  ranges: 


LIMITS 

CHARACTERISTIC 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (for  Ta  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  Ta: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times,  t,,  ti 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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PIN  DESCRIPTION 


PIN  NO. 

SYMBOL 

NAME  AND  FUNCTION 

1 

PC  Pout 

phase  comparator  pulse  output 

2 

PC  1  out 

phase  comparator  1  output 

3 

COMP,» 

comparator  input 

4 

VCOout 

VCO  output 

5 

INH 

inhibit  input 

6 

C1a 

capacitor  C1  connection  A 

7 

C1b 

capacitor  C1  connection  B 

8 

GND 

ground  (0  V) 

9 

VCOin 

VCO  input 

10 

DEMout 

demodulator  output 

11 

R, 

resistor  R1  connection 

12 

R2 

resistor  R2  connection 

13 

PC2out 

phase  comparator  2  output 

14 

SIGin 

signal  input 

15 

PC3out 

phase  comparator  3  output 

16 

Vcc 

positive  supply  voltage 

GENERAL  DESCRIPTION 
VCO 

The  VCO  requires  one  external  capacitor  C1  (between  C1a 
and  C1B)  and  one  external  resistor  R1  (between  R,  and 
GND)  or  two  external  resistors  R1  and  R2  (between  R,  and 
GND,  and  R2  and  GND).  Resistor  R1  and  capacitor  C1 
determine  the  frequency  range  of  the  VCO.  Resistor  R2 
enables  the  VCO  to  have  a  frequency  offset  if  required.  See 
logic  diagram.  Fig.  1. 

The  high  input  impedance  of  the  VCO  simplifies  the  design 
of  low-pass  filters  by  giving  the  designer  a  wide  choice  of 
resistor/capacitor  ranges.  In  order  not  to  load  the  low-pass 
filter,  a  demodulator  output  of  the  VCO  input  voltage  is  pro- 
vided at  pin  10  (DEMout).  In  contrast  to  conventional  tech- 
niques where  the  DEMout  voltage  is  one  threshold  voltage 
lower  than  the  VCO  input  voltage,  here  the  DEMout  voltage 
equals  that  of  the  VCO  input.  If  DEMout  is  used,  a  load  res- 
istor (Rs)  should  be  connected  from  DEMout  to  GND;  if 
unused,  DEMout  should  be  left  open.  The  VCO  output 
(VCOout)  can  be  connected  directly  to  the  comparator  input 
(COMPin),  or  connected  via  a  frequency-divider.  The  VCO 
output  signal  has  a  guaranteed  duty  factor  of  50%.  A  LOW 
level  at  the  inhibit  input  (INH)  enables  the  VCO  and 
demodulator,  while  a  HIGH  level  turns  both  off  to  minimize 
standby  power  consumption. 


Phase  Comparators 

The  signal  input  (SIGin)  can  be  directly  coupled  to  the  self- 
biasing  amplifier  at  pin  14,  provided  that  the  signal  swing  is 
between  the  standard  HC  family  input  logic  levels.  Capaci- 
tive  coupling  is  required  for  signals  with  smaller  swings. 


Phase  comparator  1  (PC1) 

This  is  an  Exclusive-OR  network.  The  signal  and  com- 
parator input  frequencies  (fi)  must  have  a  50%  duty  factor  to 
obtain  the  maximum  locking  range.  The  transfer  character- 
istic of  PC1,  assuming  ripple  (f,  =  2f,)  is  suppressed,  is: 

Vdemout  =  (Vcc/t)  (0sigin  -  0compin)  where  Vdemout  is  the 
demodulator  output  at  pin  10;  VDEmout  =  Vpciout  (via  low- 
pass  filter). 

The  average  output  voltage  from  PC1,  fed  to  the  VCO  input 
via  the  low-pass  filter  and  seen  at  the  demodulator  output  at 
pin  10  (Vdemout),  is  the  resultant  of  the  phase  differences  of 
signals  (SIGin)  and  the  comparator  input  (COMPin)  as 
shown  in  Fig.  2.  The  average  of  VDEM  is  equal  to  1/2  Vec 
when  there  is  no  signal  or  noise  at  SIGin.  and  with  this  input 
the  VCO  oscillates  at  the  center  frequency  (fo).  Typical  wave- 
forms for  the  PC1  loop  locked  at  f0  are  shown  in  Fig.  3. 
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Fig.  1  —  Logic  diagram. 


The  frequency  capture  range  (2fc)  is  defined  as  the  frequency 
range  of  input  signals  on  which  the  PLL  will  lock  if  it  was 
initially  out-of-lock.  The  frequency  lock  range  (2fL)  is  defined 
as  the  frequency  range  of  input  signals  on  which  the  loop  will 
stay  locked  if  it  was  initially  in  lock.  The  capture  range  is 
smaller  or  equal  to  the  lock  range. 


With  PC1,  the  capture  range  depends  on  the  low-pass  filter 
characteristics  and  can  be  made  as  large  as  the  lock  range. 
This  configuration  retains  lock  behavior  even  with  very  noisy 
input  signals.  Typical  of  this  type  of  phase  comparator  is  that 
it  can  lock  to  input  frequencies  close  to  the  harmonics  of  the 
VCO  center  frequency. 


Fig.  2  —  Phase  comparator  1:  average 
output  voltage  versus  input 
phase  difference: 
Vdemout  —  Vpciout  = 
(Vcc/rr)  ("0SIGIN  -  0compinA' 

0DEMOUT  =  (0SIGIN  -  0COMPIn). 


_r~i__r 


COMPIN 

vcoOUT 


1  I  L 


PC,OUT 


vcoIN 


_rL_n_n_n_ 


Fig.  3  —  Typical  waveforms  for  PLL  using 

phase  comparator  1,  loop  locked  at  fa. 
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Phase  Comparator  2  (PC2) 


This  is  a  positive  edge-triggered  phase  and  frequency 
detector.  When  the  PLL  is  using  this  comparator,  the  loop  is 
controlled  by  positive  signal  transitions  and  the  duty  factors 
of  SIGin  and  COMPin  are  not  important.  PC2  comprises  two 
D-type  flip-flops,  control-gating  and  a  3-state  output  stage. 
The  circuit  functions  as  an  up-down  counter  (Fig.  1)  where 
SIGin  causes  an  up-count  and  COMPin  a  down-count.  The 
transfer  function  of  PC2,  assuming  ripple  (f,  =  fi)  is  sup- 
,  is: 


Vdemount  =  (Vcc/4ir)  (0sigin  -  *compin)  where  Vdemout  is  the 
demodulator  output  at  pin  10:  Vdemout  =  Vpcmut  (via  low- 
pass  filter). 

The  average  output  voltage  from  PC2,  fed  to  the  VCO  via 
the  low-pass  filter  and  seen  at  the  demodulator  output  at 
pin  10  (Vdemout).  is  the  resultant  of  the  phase  differences  of 
SIGin  and  COMPin  as  shown  in  Fig.  4.  Typical  waveforms  for 
the  PC2  loop  locked  at  f„  are  shown  in  Fig.  5. 

When  the  frequencies  of  SIGin  and  COMPin  are  equal  but 
the  phase  of  SIGin  leads  that  of  COMPin,  the  p-type  output 
driver  at  PC2out  is  held  "ON"  for  a  time  corresponding  to 
the  phase  difference  (Vdemout).  When  the  phase  of  SIGin 
lags  that  of  COMPin.  the  n-type  driver  is  held  "ON". 

When  the  frequency  of  SIGin  is  higher  than  that  of  COMPin, 
the  p-type  output  driver  is  held  "ON"  for  most  of  the  input 
signal  cycle  time,  and  for  the  remainder  of  the  cycle  both 
n-  and  p-type  drivers  are  "OFF"  (3-state).  If  the  SIGin  fre- 
quency is  lower  than  the  COMPin  frequency,  then  it  is  the 
n-type  driver  that  is  held  "ON"  for  most  of  the  cycle.  Sub- 
sequently, the  voltage  at  the  capacitor  (C2)  of  the  low-pass 
filter  connected  to  PC2out  varies  until  the  signal  and  com- 
parator inputs  are  equal  in  both  phase  and  frequency.  At 
this  stable  point  the  voltage  on  C2  remains  constant  as  the 
PC2  output  is  in  3-state  and  the  VCO  input  at  pin  9  is  a  high 
impedance.  Also  in  this  condition,  the  signal  at  the  phase 
comparator  pulse  output  (PCPout)  is  a  HIGH  level  and  so 
can  be  used  for  indicating  a  locked  condition. 

Thus,  for  PC2,  no  phase  difference  exists  between  SIGin 
and  COMPin  over  the  full  frequency  range  of  the  VCO. 
Moreover,  the  power  dissipation  due  to  the  low-pass  filter  is 
reduced  because  both  p-  and  n-type  drivers  are  "OFF"  for 
most  of  the  signal  input  cycle.  It  should  be  noted  that  the 
PLL  lock  range  for  this  type  of  phase  comparator  is  equal  to 
the  capture  range  and  is  independent  of  the  low-pass  filter. 
With  no  signal  present  at  SIGin,  the  VCO  adjusts,  via  PC2, 
to  its  lowest  frequency. 

Phase  comparator  3  (PC3) 

This  is  a  positive  edge-triggered  sequential  phase  detector 
using  an  RS-type  flip-flop.  When  the  PLL  is  using  this  com- 
parator, the  loop  is  controlled  by  positive  signal  transitions 
and  the  duty  factors  of  SIGin  and  COMPin  are  not  impor- 
tant. The  transfer  characteristic  of  PC3,  assuming  ripple  (f, 
=  fi)  is  suppressed,  is: 

Vdemout  =  (Vcc/27r)  (0sigin  -  #compin)  Where  Vdemout  is  the 
demodulator  output  at  pin  10:  Vdemout  =  Vpcmut  (via  low- 
pass  filter). 

The  average  output  from  PC3,  fed  to  the  VCO  via  the  low- 
pass  filter  and  seen  at  the  demodulator  at  pin  10  (Vdemout). 
is  the  resultant  of  the  phase  differences  of  SIGin  and 
COMPin  as  shown  in  Fig.  6.  Typical  waveforms  for  the  PC3 
loop  locked  at  f„  are  shown  in  Fig.7. 

The  phase-to-output  response  characteristic  of  PC3  (Fig.  6) 
differs  from  that  of  PC2  in  that  the  phase  angle  between 
SIGin  and  COMPin  varies  between  0°  and  360°  and  is  180°  at 


vdemout iavi 


-360° 

Fig  4  —  Phase  comparator  2:  average  output 

voltage  versus  input  phase  difference: 
Vdemout  —  Vpcmut  =  (Vcc^n)  (ipsiGm  -  0compin); 

0OEMOUT  =  (0SIGIN  -  0COMPInI 


...n  tl 


PC2OUT 


 TL  

^  high 


"IT 


Fig.  5  —  Typical  waveforms  for  PLL  using  phase 
comparator  2,  loop  locked  at  /„. 

the  center  frequency.  Also  PC3  gives  a  greater  voltage 
swing  than  PC2  for  input  phase  differences  but  as  a  conse- 
quence the  ripple  content  of  the  VCO  input  signal  is  higher. 
With  no  signal  present  at  SIG,N.  the  VCO  adjusts,  via  PC3, 
to  its  highest  frequency. 

The  only  difference  between  the  HC  and  the  HCT  versions  is 
the  input  level  specification  of  the  INH  input.  This  input 
disables  the  VCO  section.  The  comparators'  sections  are 
identical,  so  that  there  is  no  difference  in  the  SIGin  (pin  14)  or 
COMPin  (pin  3)  inputs  between  the  HC  and  the  HCT  versions. 


vOEMOUTIAVI 


0DEMOUT 

Fig.6  —  Phase  comparator  3:  average  output 
voltage  versus  input  phase  difference: 
Vdemout  =  Vpcmut  -  fVcc/2jr)  (#sigin  -  0compin/' 
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Fig.  7  —  Typical  waveforms  for  PLL  using  f. 
comparator  3,  loop  locked  at  f0. 
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'0 
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74HC 
TYPE 
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54HC 
TYPE 
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TEST 
CONDITIONS 


74HCT/54HCT 
TYPES 


Mln  Typ  Max 


74HCT 
TYPE 


54HCT 
TYPE 


-40/ 
♦85°C 


-55/ 
+125° C 


High-Level 

Input  Voltage  V» 


INH 

Low-Level 

Input  Voltage  ViL 


VCOou, 

High-Level 

Output  Voltage  Vom 

CMOS  Loads 


VOOout 

Low-Level 

Output  Voltage  VOL 


CIA.  C1B 

Low  Level  Output 

Voltage 

(Test  purposes  Vol 
only) 


INH  VCOin 
Input  Leakage 
Current  I, 


Any 
Voltage 
Between 

Voc 

and 

Gnd 


R1  Range 


R2  Range 


CI  Capacitance 
Range 


VCO,„ 
Operating 
Voltage 
Range 


Over  the  range 
specified  for 
R1  (or  Linearity 
See  Figs.  6  &  35-38 
See  Note  2 


NOTES:  1  The  value  (or  R1  &  R2  in  parallel  should  exeed  2.7  kO. 

2.  The  maximum  operating  voltage  can  be  as  high  as  Vcc  -0.9  V. 


however,  this  may  result  in  an  increased  offset  voltage. 
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TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

CHARACTERISTIC 
PHASE 

V, 

lo 

vcc 

+25°  C 

-40/ 
+85"  C 

-55/ 
+125°C 

v, 

"cc 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

UNITS 

COMPARATOR 
SECTION 

y 

y 

Mm 

Typ 

Mai 

Min 

Max 

Min 

Max 

y 

y 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

SIQ.n.  COMP, 
DC  Coupled 
High-Level  Vih 
Input  Voltage 

2 

1.5 

1.5 

1.5 

4.5 

4.5 

3.15 

3.15 

3  15 

- 

10 

2 

2 

2 

V 

6 

4  2 

4.2 

4.2 

5.5 

SIGin.  COMP,N 
DC  Coupled 
Low-Level  V(L 
Input  Voltage 

2 

0.5 

05 

0.5 

4.5 

4.5 

1.35 

1  35 

1  35 

- 

to 

0.8 

0.8 

0.8 

V 

6 

1.8 

18 

1  8 

5.5 

PCPout.  PCn  OUT 

High-Level 

Output  Voltage  Voh 

2 

19 

19 

1.9 

VlL 

or 

-0  02 

4.5 

4.4 

4.4 

4.4 

or 

4.5 

4.4 

- 

4  4 

- 

4.4 

- 

V 

CMOS  Loads 

v,„ 

6 

5.9 

5.9 

5.9 

V„ 

V,i 

Vn 

TTL  Loads 

or 

-4 

4.5 

3.98 

384 

3.7 

or 

45 

3.98 

- 

- 

3.84 

- 

3  7 

- 

V 

6 

5.48 

- 

5.34 

PCPoui.  PCn  OUT 
Low-Level 

Output  Voltage  Vol 

Vi 

2 

0  1 

0  1 

0.1 

V,t 

or 

0.02 

4.5 

0  1 

0.1 

0.1 

or 

4.5 

0.1 

01 

0.1 

V 

CMOS  Loads 

v,„ 

6 

- 

- 

0  1 

- 

0.1 

- 

0.1 

V,„ 

V,u 

V,u 

TTL  Loads 

or 

4 

4  5 

026 

0.33 

0.4 

or 

4,5 

026 

033 

04 

V 

V„ 

52 

026 

0.33 

04 

SIGi*.  COMP, 

Vcc 
or 
Gnd 

2 

±3 

±4 

+5 

Any 
Voltage 
Between 

Input  Leakage  1, 
Current 

3 

±7 

+  9 

±11 

55 

±30 

±38 

+45 

HA 

4.5 

±18 

±23 

+  29 

Vcc 
and 
Gnd 

6 

+  30 

+38 

+  45 

PC2  OUT 

3-State  lev 

Oil-Stale 

Current 

V,L 

or 

V,„ 

6 

+0.5 

±5 

±10 

55 

±0.5 

±5 

±10 

fA 

SIG,„.  COMPIN 
Input 

V,at 
Self-Bias 

3 

800 

Resistance  Rt 

Oper  Point 
AV,  =  0  5  V 

4.5 

250 

4.5 

250 

kO 

See  Fig.  8 

6 

150 
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CHARACTERISTIC 

DEMODULATOR 
SECTION 

CD74HC4046A/CD54HC4046A 

CD74HCT4046A/CD54HCT4046A 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

v, 

V 

i0 

mA 

V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
♦125°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Resistor 
Range 

Rs 

at  Rs  >  300  kQ 
Leakage 
Current  can 
influence 

VoEM  OUT 

3 

4  5 
6 

50 
50 
50 

300 
300 
300 

4.5 

5 

- 

300 

kO 

Offset  Voltage 
VCOIN,  to  VDEM 

VofF 

V,  -  Vvco  in  -  Vcc 
2 

Values  taken 
over  Rs  range 
See  Fig  15 

3 

4.5 
6 

±30 
+20 
±10 

4.5 

±20 

mV 

Dynamic  Output 
Resistance  at  DEMoui 

RD 

. ,    1  Vcc 

VDEM  OUT  =  — — 

3 

4.5 
6 

25 
25 
25 

4.5 

25 

o 

Quiescent 

Device  Current  lCc 

Pins  3.  5  &  14 

at  Vcc 
Pin  9  at  Gnd- 
I,.  at  Pins  3  &  14 
to  be  excluded 

6 

8 

60 

160 

Vcc 
or 
Gnd 

55 

8 

80 

160 

«* 

Additional 
Quiescent  Device 
Current  Per 
Input  Pin: 

1  unit  load  Alec* 

Vcc-21 

(Excluding 
Pin  5) 

4.5 
to 
55 

100 

360 

450 

490 

"For  dual-supply  systems  theoretical  worst  case  (V(  -  2.4  V,  Vcc  -  5.5  V)  specification  is  1.8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

INH 

I 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristics  Chart, 
e.g.,  360 /jA  max.  @  25°C. 
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SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t,  t,  =  6  nt) 


TEST  CONDITIONS 

25' C 

40°Cto»85°C 

55"  C  to 

■125  C 

CHARACTERISTIC 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min.  |  Max. 

Min. 

Max. 

Min. 

Max. 

Min.  |  Max. 

Min.  |  Max. 

Min. 

Max. 

PHASE  COMPARATOR  SECTION 

Propagation  Delay, 

2 

200 

250 

300 

SIGin,  COMPin  lpLH 

4.5 

40 

45 

50 

56 

_ 

60 

68 

tO  PCIOUT  tpHL 

6 

34 

43 

51 

SIG1N,  COMP,N 

2 

300 

375 

450 

to  PC  Pout 

4.5 
6 

60 
70 

68 

75 
88 

85 

90 
109 

102 

SIGin.  COMP.n 

2 

245 

305 

307 

to  PC3out 

4  5 

49 

58 

61 

73 

74 

87 

6 

42 

52 

63 

ns 

Output  Transition 

2 

75 

95 

110 

Time  Ithl 

45 

15 

15 

- 

19 

- 

19 

- 

22 

- 

22 

6 

13 

16 

19 

Output  Enable  Time, 

2 

265 

330 

400 

SIG„.  COMP™  Ipzh 

4.5 

53 

60 

66 

75 

80 

90 

tO  PC20UT  fPZL 

6 

45 

56 

68 

Output  Disable  Time, 

2 

315 

395 

475 

SIGin,  COMP,„  tpMi 

4.5 

63 

68 

79 

85 

95 

102 

tO  PC2oUT  tf>LZ 

6 

74 

93 

112 

AC  Coupled  Input 

TYPICAL 

Sensitivity  (p-p) 
at  SIG.r.  or 

V,  (p-p) 

3 

4.5 

11 
15 

11 
15 

mV 

COMP,„ 

6 

33 

33 

VCO  SECTION 

Frequency  Stability 

with  Temperature  Af 

Change  AT 

P.,  =  100kO 

R2  =  = 

3 

45 
6 

0.11 

0  11 

%/°C 

Max.  Frequency 

C,  =  50  pF 

3 

R,  =  3.5ktl 

4.5 

24 

24 

MHz 

Ra  =  « 

6 

f™. 

C,  =  0  pF 

3 

R,  =9.1kO 

4.5 

38 

38 

MHz 

Ra  = 

6 

Center  Frequency 

C,  =  40  pF 

3 

R,  ■  3kO 

4.5 

17 

17 

MHz 

R2  =  » 

6 

VCOlN  =  Vcc 
2 

Frequency  Linearity. 

R,  =100kO 

3 

Afvco 

R?  =  ac 

4.5 

04 

04 

% 

C,  =  100  pF 

6 

Offset  Frequency 

Ra  =  220kfi 

3 

C,  =  1  nF 

45 
6 

400 

400 

kHz 

DEMODULATOR  SECTION 

Vout  Vs  f,„ 

Ri  =  100  kO 

R2  =  S6 

C,  =  100  pF 
Rs  s  10  kO 

3 

4.5 
6 

330 

330 

mV/kHz 

Rj= 100 kO 

Cs= 100  pF 
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i-igure  Heterences 


Fig.  8  —  Typical  input  resistance 
curve  at  SIG.h.  COMP„. 
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Fig.  10-HCT4046A  typical  center  frequency  vs  R1,  C1  (VCc=4.5  V). 
10®  E 
10'  I 


1  10  102         103  104  10S  10® 

CAPACITANCE  (CI)  -  pF  92CS-40572 

Fig.  12-HC4046A  typical  center  frequency  vs  R1,  C1 
(Vcc=3  V,  R2=open). 
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Fig.  14-HCT4046A  typical  center  frequency  vs  R1,  C1 
(Vcc=5.5  V). 
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Fig.  16-HC4046A  typical  VCO  frequency  vs  VCOm 
(SI=t.5Ma  C)=0.r  pF). 
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20-HC4046A  typical  VCO  frequency  vs  VCOm 
(fll=5.6/cn,  C1=50pF). 
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Fig.  22-HC4046A  typical  change  in  VCO  frequency  vs 
ambient  temperature  as  a  function  of  R1  (VCc=4.5  V). 
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Fig.  17-HC4046A  typical  VCO  frequency  vs  VCOm 
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Fig.  19-HC4046A  typical  VCO  frequency  vs  VCOm 
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Fig.  21-HC4046A  typical  change  in  VCO  frequency  vs 
ambient  temperature  as  a  function  of  R1  (VCc=3  V). 
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Fig.  23-HC4046A  typical  change  in  VCO  frequency  vs 
ambient  temperature  as  a  function  of  R1  (Vcc=6  V). 


Technical  Data 


CD54/74HC4046A 
CD54/74HCT4046A 


-73    -  50    -  25       0       25       50      75      1  0O    125  150 
AMBIENT  TEMPERATURE  (T^J—  °C  9ZCS-40590 

Fig.  24-HCT4046A  typical  change  in  VCO  frequency  vs 
ambient  temperature  as  a  function  of  R1. 
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Fig.  26-HC4046A  offset  frequency  vs  R2.  C1  {VCc=4.5  V). 
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Fig.  28-HCT4046A  offset  frequency  vs  R2,  C1  (Vcc=4.5  V). 
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Fig.  25-HC4046A  typical  change  in  VCO  frequency  vs 
ambient  temperature  as  a  function  of  R1  (Vct=4.5  V). 
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Fig.  27-HC4046A  offset  frequency  vs  R2,  C1  (Vcc=3  V). 
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AC  WAVEFORMS 


SIG,N.COMP,N 
INPUTS 


'"■our- pc,out- 

PC30UT  OUTPUTS 


Fig.  32 


4 


'THL- 

-  Waveforms  showing  input  (SIGm 
COMPmj  to  output  (PCPOUT,  PC10ur, 
PC30UT)  propagation  delays  and  the 
output  transition  times. 
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Fig.  33  —  Waveforms  showing  the  3-state 

enable  and  disable  times  for  PC20UT. 
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Fig.  34  —  Definition  of  VCO  frequency 
linearity. 
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Fig.  35-HC4046A  VCO  linearity  vs  R1  (VCc=4.5  V). 
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Fig.  36-HC4046A  VCO  linearity  vs  R1  (Vcc=3  V). 
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Fig.  37-HC4046A  VCO  linearity  vs  R1  (Vcc=6  V). 
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Fig.  39-HC4046A  demodulator  power  dissipation  vs  RS  (typ.) 
(Vcc=3  V;  4.5  V;  6  V). 
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Fig.  41-HC4046A  VCO  power  dissipation  vs  R1  {C1=S0  pF;  1  pF). 
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Fig.  43-HCT4046A  VCO  power  dissipation  vs  R1  (C1=50  pF;  1  pF). 
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Fig.  38-HCT4046A  VCO  linearity. vs  R1  {Vcc=4.5  V,  VCC=5.S  V). 
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Fig.  40-HCT4046A  demodulator  power  dissipation  vs  RS  {typ.) 
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Fig.  42-HCT4046A  VCO  power  dissipation  vs  R2  (C1=50  pF;  1  pF). 
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Technical  Data 


CD54/74HC4046A 
CD54/74HCT4046A 


CHIP  SECTION 

HC 

HCT 

UNIT 

COMPARATOR  1 

48 

50 

pF 

COMPARATORS  2  &  3 

39 

48 

VCO 

61 

53 

APPLICATION  INFORMATION 

This  information  is  a  guide  for  the  approximation  of  values 
of  external  components  to  be  used  with  the  74HC/ 
HCT4046A  in  a  phase-lock-loop  system. 

References  should  be  made  to  Figs.  10  through  Mas  indi- 
cated in  the  table. 


Values  of  the  selected  components  should  be  within  the  fol 
lowing  ranges. 

R1  between  3  kO  and  300  kO: 

R2  between  3  kO  and  300  kO; 

R1  +  R2     parallel  value  >  2.7  kO: 
C1  greater  than  40  pF. 


SUBJECT 


PHASE 
COMPARATOR 


DESIGN  CONSIDERATIONS 


VCO  frequency 
without  extra 
offset 


PC1.  PC2orPC3 


VCO  Frequency  characteristic 

With  R2  =  oo  and  R1  within  the  range  3  kO  <  R1<  300  kO,  the 
characteristics  of  the  VCO  operation  will  be  as  shown  in  Figs.  10-14. 
(Due  to  R1,  C1  time  constant  a  small  offset  remains  when  R2  =  «.) 


«vco,N 

Fig.  45—  Frequency  characteristic  of  VCO 

operating  without  offset:  f0  =  center 
frequency:  2tL  =  frequency  lock  range. 


PC1 


Selection  of  R1  and  C1 

Given  f0,  determine  the  values  of  R1  and  C1  using  Figs.  10-14 


PC2  or  PC3 


Given  f™,  and  f0,  determine  the  values  of  R1  and  C1  using  Fig.  30. 
Use  Fig.  31  to  obtain  2fL  and  then  use  this  to  calculate  fm,„. 


VCO  frequency 
with  extra 


PC1,  PC2  or  PC3 


VCO  frequency  characteristic 

With  R1  and  R2  within  the  ranges 3  kfl<  R1  <  300  kO,  3  kO,  <  R2  < 
300  kQ,  the  characteristics  of  the  VCO  operation  will  be  as  shown  in 
Figs.  26-29. 

t 


pig.  46  —  Frequency  characteristic  of  VCO 
operating  with  offset:  f0  -  center 
frequency:  2tL  =  frequency  lock  range. 
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Technical  Data 


CD54/74HC4046A 
CD54/74HCT4046A 


APPLICATION  INFORMATION  (Cont'd.) 


SUBJECT 


PHASE 
COMPARATOR 


DESIGN  CONSIDERATIONS 


VCO  frequency 
with  offset 
(continued) 


PC1,  PC2orPC3 


Selection  of  R1,  R2  and  C1 

Given  f0  and  fL,  determine  the  value  of  product  R1C1  by  using  Figs.26-29 

Calculate  f„n  from  equation  fofI  =  fCo  =  fL. 

Obtain  the  values  of  C1  and  R2  by  using  Figs.  26-29. 

Calculate  the  value  of  R1  from  the  value  of  C1  and  the  product  R1C1. 


PLL  conditions  with 
no  signal  at  the 
SIG,N  input 


PC1 


VCO  adjusts  to  f„  with  0oemout  =  90°  and  Vvcoin  =  1/2  Vcc  (see  Fig.  2). 


PC2 


VCO  adjusts  to  fc  with  0demout  =  -360°  and  Vvcoin  =  0  V  (see  Fig.  4). 


PC3 


VCO  adjusts  to  f„  with  0DEmout  =  +360°  and  Vvcoin  =  VCc  (see  Fig.  6). 


PLL  Frequency 
capture  range 


PC1,  PC2orPC3 


Loop  filter  component  selection 


|Fi,"i| 


I 


(a)  t  =  R3  x  C2  (b)  amplitude  characteristic  (c)  pole-zero  diagram 

A  small  capture  range  (2fe)  is  obtained  if  r  >  2fc'  •>  1/tt  (2nijj.)v* 
Fig.  47—  Simple  loop  filter  lor  PLL  without  offset. 


INPUT 


-"T2  -»r3 


"t3  »T2 

(a)  Ti  =  R3  x  C2;        (b)  amplitude  characteristic        (c)  pole-zero  diagram 
ii  =  R4  x  C2; 
73  =.  (R3  +  R4)  x  C2 

Fig.  48  -  Simple  loop  filter  for  PLL  with  offset. 
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SUBJECT 

PHASE 
COMPARATOR 

DESIGN  CONSIDERATIONS 

PLL  locks  on  harmonics 

PC1  or  PC3 

yes 

PC2 

no 

noise  rejection  at 
signal  input 

PC1 

high 

PC2  or  PC3 

low 

AC  ripple  content 
when  PLL  is  locked 

PC1 

f,  =  2tj,  large  ripple  content  at  0demout  *  90° 

PC2 

f,  =  fr,  small  ripple  content  at  0demout  =  0° 

PC3 

f.  =  fsiG,N,  large  ripple  content  at  0demout  =  180° 

High-Speed  CMOS  Logic 

FUNCTIONAL  DIAGRAM 


W  - 
ia  - 


2- 


-  NC 
-!Ty 

-  5A 


Hex  Buffers,  Inverting  and  Noi 

Type  Features 

■  Typical  propagation  delay  =  6  ns 
@Vcc  =  5  V,  CL  =  15pF,  TA  =  25°  C 

■  High-to-low  voltage  level  converter 
for  up  to  V,  =  16  V 


CDS4/74HC4049 


92CS-37796 


The  RCA-CD54/74HC4049  and  CD54/74HC4050  are  fabri- 
cated with  high-speed  silicon  gate  technology.  They  have  a 
modified  input  protection  structure  that  enables  these  parts 
to  be  used  as  logic  level  translators  which  will  convert  high- 
level  logic  to  a  low-level  logic  while  operating  off  the  low- 
level  logic  supply.  For  example,  0-V  to  15-V  input  logic 
levels  can  be  down-converted  to  0-V  to  5-V  logic  levels.  The 
modified  input  protection  structure  protects  the  input  from 
both  positive  and  negative  electrostatic  discharge.  These 
parts  can  also  be  used  as  simple  buffers  or  inverters  without 
level  translation. The  CD54/74HC4049and  CD54/74HC4050 
are  enhanced  versions  of  equivalent  CMOS  types. 

The  CD54HC4049  and  CD54/74HC4050  are  supplied  in 
16-lead  hermetic  dual-in-line  ceramic  packages  (F  suffix) 
and  in  16-lead  dual-in-line  plastic  packages  (E  suffix)  and 
in  16-lead  dual-in-line  surface  mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form 
(H  suffix). 


^-D>— {>— £>-«>i 


HC4049 


-Oy 


HC4050 


Family  Features 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HC  T:    -40  to  +85°  C 

■  Balanced  Propagation  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 
LSTTL  Logic  ICS 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2  to  6  V  Operation 

High  Noise  Immunity:  W|L  =  30%,  Vcc. 
Wih  =  30%  Vcc'  @  Vcc  =  5  V 


FUNCTIONAL  DIAGRAM 


I A 

2y 

2A  ■ 

3y 


92CS-37797 
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LOGIC  DIAGRAMS 


CD54/74HC4050 
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Technical  Data 


CD54/74HC4049 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 

DC  SUPPLY-VOLTAGE,  (Vcc)  "°-5  ,0  +7  V 

DC  INPUT  VOLTAGE,  (V,) 

(Voltages  referenced  to  ground)  ~"  5  to  +1*> v 

DC  INPUT  DIODE  CURRENT,  !,„  (FOR  V,  <  -0.5  V)  -20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  < -0.5  V  OR  V„>  Vcc  +0.5  V)  ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  •  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   •   500  mW 

For  TA  =  +60  to  +85°  C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  Ta  =  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T,  =  +100  to  +  125°C  (PACKAGE  TYPE  F.  H)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  = -40  to +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T.  = +70  to +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/° C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T») 

PACKAGE  TYPE  F,  H   -55  to  +125°C 

PACKAGE  TYPE  E,  M   "40  t0  +85°c 

STORAGE  TEMPERATURE  (T,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING) : 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265-C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°  C 


Voltage  Relationships: 
(Maximum  Positive  Limits) 


v,  O- 


92CS-37799RI 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForT4=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

DC  Output  Voltage,  V0 

0 

Vcc 

V 

DC  Input  Voltage  (V,) 

0 

15 

V 

Operating  Temperature,  TA: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+  125 

°c 

Input  Rise  and  Fall  Times,  t„t(: 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

511 


Technical  Data  

CD54/74HC4049 
CD54/74HC4050 

STATIC  ELECTRICAL  CHARACTERISTICS 


CD54/74HC4049,  CD54/74HC4050 


CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/54HC 
SERIES 

74HC 
SERIES 

54HC 
SERIES 

UNITS 

V| 
V 

■o 

mA 

*CC 
y 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mln. 

Tvn 
1  YP- 

Max. 

Mln. 

Max. 

Mln. 

Max. 

High-Level  Input  Voltage  V,H 

2 

1 .5 

1 .5 

1  5 

V 

4.5 

3.15 

- 

- 

3.15 

- 

3.15 

- 

Q 

4.2 

4.2 

4.2 

1  riw-l  pupI  Inniit  Vriltanp  V„ 

2 

u.o 

0  5 

ft  R 

v 

4.5 

- 

- 

1.35 

- 

1.35 

- 

1.35 

e 

1.8 

1.8 

1.8 

Hinh-I  pupI  Outnut  Vnltanp  Vnu 
my i I'Lcvci  v^uifjui  vijuaye  vqh 

CMOS  Loads 

V,L 

or 

V,H 

-0.02 

2 

1.9 

1.9 

1.9 

v 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

5.9 

5.9 

TTL  Loads 
(Standard  Output) 

Vil  or 

V,H 

-4 

4.5 

3.98 

3.84 

3.7 

V 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level  Output  Voltage  Vol 
CMOS  Loads 

V,L 

or 

V,H 

0.02 

2 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 
(Standard  Output) 

V,Lor 
V,H 

4 

4.5 

0.26 

0.33 

0.4 

V 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage  Current  1, 

Vcc  or 
Gnd 

6 

±0.1 

±1 

±1 

,|A 

15 

6 

±0.5 

±5 

±5 

Quiescent  Device  Current  lCc 

15  or 
Gnd 

0 

6 



2 

20 

40 

SWITCHING  CHARACTERISTICS  (Vcc=5  V,  Ta=25°C,  Input  lr,tf=6  n$) 


CHARACTERISTIC 

SYMBOL 

54HC  AND  74HC 

TYPICAL 

UNITS 

Propagation  Delay,  Data  Input  to  Output  HC4049 
(Ct  =  15  pF)  HC4050 

tpLHi  tpHL 

6 

ns 

Power  Dissipation  Capacitance* 

Cpd 

35 

pF 

*CpD  is  used  to  determine  the  dynamic  power  consumption,  per  inverter 
Pd  =  Vcc2  fi(CPD  +CL)  where:    fi  =  input  frequency 

CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  tr,t(  =  6  nt) 


25°  C 

-40°CtO  +85°  C 

L55°CtO+125°C 

CHARACTERISTIC 

SYMBOL 

vcc 

HC 

74HC 

54HC 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tPLHi  tpHL 

2 

85 

105 

130 

nA  to  nY  HC4049 

4.5 

17 

21 

26 

ns 

nA  to  nY  HC4050 

6 

14 

18 

22 

Transition  Time 

t-TLH.  tTHL 

2 

75 

95 

110 

4.5 

15 

19 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

Ix — tf.Sm 


Fig.  1  -  Transition  times  and  propagation  delay 
times,  combination  logic. 


CXte4//*HU4UW,  UU54/74HCT4053 

High-Speed  CMOS  Logic 


CHANNEL 1 
IWXIT  jA6J. 


COM  OUT/IN  A  — 


■CI 

t-S 

GND 


£*' 


CDS4/74HC/HCT4051 
TERMINAL  ASSIGNMENT 


Analog  Multiplexers/ 
Demultiplexers 

Type  Features: 

■  Wide  analog  input  voltage  range:  +  5V  max. 

■  Low  "on"  resistance: 
70ntyp(VCc-V££  =  4.5  V) 
40ntyp(VCc-VEE  =  9V) 

■  Low  crosstalk  between  switches 

■  Fast  switching  and  propagation  speeds 

■  "Break-before-make"  switching 


The  RCA  CD54/74HC/HCT4051,  4052,  and  4053  are  digi- 
tally controlled  analog  switches  which  utilize  silicon-gate 
CMOS  technology  to  achieve  operating  speeds  similar  to 
LSTTL  with  the  low  power  consumption  of  standard  CMOS 
integrated  circuits. 

These  analog  multiplexers/demultiplexers  control  analog 
voltages  that  may  vary  across  the  voltage  supply  range  (i.e. 
VCc  to  VEe).  They' are  bidirectional  switches  thus  allowing 
any  analog  input  to  be  used  as  an  output  and  visa-versa. 
The  switches  have  low  "on"  resistance  and  low  "off" 
leakages.  In  addition,  all  three  devices  have  an  enable 
control  which  when,  high,  disables  all  switches  to  their 
"off"  state. 

The  CD54HC/HCT4051,  4052,  and  4053  are  supplied  in 
16-lead  hermetic  dual-in-line  ceramic  packages  (F  suffix). 
The  CD74HC/HCT  4051,  4052,  and  4053  are  supplied  in 
16-lead  plastic  packages  (E  suffix)  and  in  16-lead  surface 
mount  plastic  packages  (M  suffix).  All  devices  are  also 
available  in  chip  form  (H  suffix). 


Family  Features: 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 
m  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation,  control:  0  to  10  V,  switch 
High  Noise  Immunity: 

Nil  =  30%,  N,„  =  30%  Of  Veei  @  Vcc  =  5  V 
m  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation,  control:  0  to  10  V,  switch 
Direct  LSTTL  Input  Logic  Compatibility 

Vu.  =  0.8  V  Max..  Vm  =  2  V  Min. 
CMOS  Input  Compatibility 

l,<1fiA@  Vol.  Vo» 


CHANNEL  IN/OUT 


TRUTH  TABLE 

CD54/74HC/HCT4051 


9ZC5-20085S3 


INPUT  STATES 

"ON" 
CHANNELS 

ENABLE 

S2 

S1 

SO 

L 

L 

L 

L 

AO 

L 

L 

L 

H 

A1 

L 

L 

H 

L 

A2 

L 

L 

H 

H 

A3 

L 

H 

L 

L 

A4 

L 

H 

L 

H 

A5 

L 

H 

H 

L 

A6 

L 

H 

H 

H 

A7 

H 

X 

X 

X 

NONE 

X  =  Don't  Care 


Functional  diagram  of  HC/HCT4051. 
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CD54/74HC4051,  CD54/74HCT4051 
CD54/74HC4052,  CD54/74HCT4052 
CD54/74HC4053,  CD54/74HCT4053 


6'  65  6*  i 

^  a0   b     e2    b3  ^ 

B  CHANNELS    IN /OUT 


9ecs-20086H3 


wee 

Fig.  2  -  Functional  diagram  of  HC/HCT4052. 


channel) 

IN'OUI  1 

(B2 

COMOUT1IN  8n 


VEE  ~| 

GNO 


An  COM  OUT<PI> 


I  CHANNEL 
f  INfOUT 
*3  J 


CD54/74HC/HCT4052 
TERMINAL  ASSIGNMENT 


LOGIC 
LEVEL 

CONVERSION 


so(> 


s'0- 

9 

s2(>- 

6 


2Z 


BINARY  TO 
I  OF  2 
DECODERS 
WITH 
ENABLE 


C,      C0      B  |      S0  « 

C>  Q>  Q'  Q2 


COMMON 
OUT/IN 


92CS- 3647291 


<Jb»-^ 


COM  OUT/IN  Cn  — 
IN/OUT  CO  — 

i-i 

VEE  ~ 
GNO  — 


P  vcc 

Bn  COM  OUT/ IN 
An  COM  OUT/IN 


P")  

|  IN/OUT 


F/'g.  3  -  Functional  diagram  of  HC/HCT4053. 


CD54/74HC/HCT4053 
TERMINAL  ASSIGNMENT 


CD54/74HC/HCT4052 


X  -  Don't  Care 


TRUTH  TABLES  (Continued) 


INPUT  STATES 

"ON"  CHANNELS 

ENABLE 

S1 

so 

L 

L 

L 

AO,  BO 

L 

L 

H 

A1,  B1 

L 

H 

L 

A2,  B2 

L 

H 

H 

A3.  B3 

H 

X 

X 

NONE 

CD54/74HC/HCT4053 


INPUT  STATES 

"ON"  CHANNELS 

ENABLE 

S2 

S1 

SO 

L 

L 

L 

L 

AO    BO  CO 

L 

L 

L 

H 

AO    BO  C1 

L 

L 

H 

L 

AO    B1  CO 

L 

L 

H 

H 

AO    B1  C1 

L 

H 

L 

L 

A1    BO  CO 

L 

H 

L 

H 

A1     BO  C1 

L 

H 

H 

L 

A1     B1  CO 

L 

H 

H 

H 

A1     B1  C1 

H 

X 

X 

X 

NONE 

X  =  Don't  Care 


Technical  Data 


CD54/74HC4051,  CD54/74HCT4051 
CD54/74HC4052,  CD54/74HCT4052 


MAXIMUM  RATINGS,  Absolute-Maximum  Values:  {All  voltages  referenced  to  Grid  unless  otherwise  shown) 

DC  SUPPLY-VOLTAGE  (Vcc-Vee)   -°-5  to  11  V 

DC  SUPPLY-VOLTAGE  (Vcc)  -0-5  to  +7  V 

DC  SU  PPL Y-VOLTAG  E  ( Vee)  +0.5  to  -7  V 

DC  INPUT  DIODE  CURRENT,  Ik  (FOR  Vi  <  -0.5  V  OR  Vi  >  Vcc  +  0.5  V)  ±20  mA 

DC  SWITCH  DIODE  CURRENT,  Iok  (FOR  V,  <  Vee  -0.5  V  OR  Vi  >  Vcc  +  0.5  V)   ±20  mA 

•  DC  SWITCH  CURRENT  (FOR  V,  >  Vee  -0.5  V  OR  V,  <  Vcc  +  0.5  V)   +25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50  mA 

DC  Vee  CURRENT  (lEE)   -20  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T,  =  -40  to  +60°  C  (PACKAGE  TYPE  E)   500  mW 

For  T,  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  Ta  =  -55  to  +100°  C  (PACKAGE  TYPE  F,  H)    500  mW 

For  T,  =  +1 00  to  +1 25°  C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

ForT,  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T,„)  -65  to  +150° C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  tor  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°  C 

•  In  certain  applications,  the  external  load-resistor  current  may  include  both  Vcc  and  signal-line  components.  To 
avoid  drawing  VCc  current  when  switch  current  flows  into  the  transmission  gate  inputs,  the  voltage  drop  across  the 
bidirectional  switch  must  notexceed  0.6  volt  (calculated  from  Ron  values  shown  in  Electrical  Characteristics  chart). 
No  Vcc  current  will  flow  through  RL  if  the  switch  current  flows  into  terminal  3  on  the  HC/HCT4051;  terminals  3  and 
13  on  the  HC/HCT4052;  terminals  4,  14  and  15  on  the  HC/HCT4053. 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA 

=  Full  Package-Temperature  Range)  Vcc' 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

Supply-Voltage  Range  (For  TA 

=  Full  Package-Temperature  Range)  VCc-VEE 

10 

CD54/74HC  Types 

CD54/74HCT  Types          See  Fig.  4 

2 

V 

Supply-Voltage  Range  (For  TA 
CD54/74HC  Types 

=  Full  Package-Temperature  Range)  VEE:' 
CD54/74HCT  Types         See  Fig.  5 

0 

-6 

V 

DC  Input  Control  Voltage,  V, 

Gnd 

Vcc 

V 

Analog  Switch  I/O  Voltage,  VIS 

Vee 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

°C 

Input  Rise  and  Fall  Times  t„  t. 

at2V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground 
Recommended  Operating  Area  as  a  Function  of  Supply  Voltages. 


VCC-SND 

tv) 


9JCS-39357 


Fig.  4 


-2     -4      -6  -8 
VEE-6ND (V) 

_      _        92C5 -39358 

Fig.  5 
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CD54/74HC4051,  CD54/74HCT4051 
CD54/74HC4052,  CD54/74HCT4052 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHAR- 
ACTERISTIC 


CD74HC/CD54MC4051,4052,4053 


TEST 
CONDITIONS 


74HC/S4HC 
TYPES 


Typ 


74HC 
TYPES 


-40/ 
•SS'C 


54HC 
TYPES 


-55/ 
♦125"C 


CD74HCT/CD54HCT«K1,4052,4053 


TEST 
CONDITIONS 


74HCT/54HCT 
TYPES 


74HCT 
TYPES 


-40/ 
*«5»C 


High-Level 
Input 

Voltage  Vim 


Low-Level 
Input 

Voltage  V,L 


"On" 

Resistance 
lo  =  1  mA 

R 

(Fig.  15) 


Vcc 
or 
V,. 


Maximum  "On" 
Resistance 
between  any 
two  channels 

 ARon 


Switch  On/Off 
Leakage 
Current  In 
1&2  Channels 
(4053) 


4  Channels 
(4052) 


8  Channels 
(4051) 


For  Switch 
OFF: 
When  V„=V<!C! 

Vo.  ■  V„; 
When  V„"V„, 
Vo.  ■  Vcc 
For  Switch 
ON: 
All  Applicable 
Combinations 

ol  Vis  S  Von 
Voltage  Levels 


Control  Input 
Leakage 
Current  Iil 


Quiescent 
Device 

Current  Ice 
lo  »  0 


When 
V,.  =  V„. 
Vo.  =  Vcc, 

When 

V„  ■  Vcc, 


Additional 

Quiesecent 

Device 

Current 

per  input  pin: 

1  unit  load 

Alec' 


■  For  dual-supply  systems  theoretical  worst  c 
**  Any  voltage  between  Vcc  &  Gnd. 


s  (V,  =  2.4  V.  Vcc  ■  5.5  V)  specifications  is  1.8  mA. 

HCT  Input  Loading  Table 


Type 

Input 

Unit  Loads* 

4051,  4053 
4052 

All 
All 

0.5 
0.4 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  //A  max.  @  25°  C. 
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SWITCHING  CHARACTERISTICS  (VCo  =  5  V,  TA  =  25°  C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

CL 

PF 

Typical 

UNITS 

4051 

4052 

4053 

HC 

HCT 

HC 

HCT 

HC 

HCT 

Propagation  Delay 
Switch  IN  to  OUT 

tpHL 
tpi  H 

15 

4 

4 

4 

4 

4 

4 

ns 

Switch  Turn-off  (S  or  E) 

tpHZ,  tpLZ 

15 

19 

19 

21 

21 

18 

18 

ns 

Switch  Turn-on  (S  or  E) 

tpZH.  tpZL 

15 

19 

23 

27 

29 

18 

20 

ns 

Power  Dissipation  Capacitance* 

Crd 

50 

52 

74 

76 

38 

42 

PF 

Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Pd  =  Cpd  Vcc2  fi  + 1  (Cl  +  Cs)  Vcc2  fo 
fo  =  output  frequency 
f,  =  input  frequency. 
CL=  output  load  capacitance. 
C5  =  switch  capacitance 
Vcc  =  supply  voltage. 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„  tr  =  6  ns) 


OUT 

-an1  r  tr,  .«m  r 

.wr  in  +n><;°r 

CHARACTERISTIC 

SYMBOL 

Vee 

vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

0 

2 

60 

75 

90 

Switch  In  to  Out 

tpLH 

0 

4.5 

12 

12 

15 

15 

18 

18 

tpHL 

0 

6 

10 

13 

15 

4051 ,  4052,  4053 

-4.5 

4.5 

8 

8 

10 

10 

12 

12 

Maximum 

0 

2 

225 

280 

340 

Switch 

4051 

0 

4.5 

45 

45 

56 

56 

68 

68 

Turn  "Off" 

0 

6 

38 

48 

57 

Delay  from 

-4.5 

4.5 

32 

32 

40 

40 

48 

48 

S  or  E  to 

tpHZ 

0 

2 

250 

315 

375 

Switch 

4052 

tpLZ 

0 

4.5 

50 

50 

63 

63 

75 

75 

Output 

0 

6 

43 

54 

65 

-4.5 

4.5 

38 

38 

48 

48 

57 

57 

ns 

0 

2 

210 

265 

315 

4053 

0 

0. 

4.5 
6 

42 
36 

44 

53 
45 

55 

63 
54 

66 

-4.5 

4.5 

29 

31 

36 

39 

44 

47 

Maximum 

0 

2 

225 

280 

340 

Switch 

4051 

0 

4.5 

45 

55 

56 

69 

68 

83 

Turn  "On" 

0 

6 

38 

48 

57 

Delay  from 

-4.5 

4.5 

32 

39 

40 

49 

48 

59 

S  or  E  to 
Switch 

tpZL 
tpZH 

0 

0 

2 

4.5 

325 
65 

405 
81 

490 

4052 

70 

68 

98 

105 

Output 

0 

6 

55 

69 

83 

-4.5 

45 

46 

48 

58 

60 

69 

72 

0 

2 

220 

275 

330 

0 

4.5 

44 

48 

55 

60 

66 

72 

4053 

0 

6 

37 

47 

56 

-4.5 

4.5 

31 

34 

39 

43 

47 

51 

Input  (Control) 
Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 
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 Technical  Data 

CD54/74HC4051,  CD54/74HCT4051 
CD54/74HC4052,  CD54/74HCT4052 
CD54/74HC4053,  CD54/74HCT4053 


ANALOG  CHANNEL  CHARACTERISTICS  -  TYPICAL  VALUES  AT  Ta  =  25°C 


CHARACTERISTIC 

SYMBOL 

CONDITIONS 

TYPES 

VEE  (V) 

VCC  (V) 

HC/HCT 

UNITS 

Switch  Input  Capacitance 

C, 

All 

5 

pF 

Common  Capacitance 

Ccom 

4051 
4052 
4053 

25 
12 
8 

Minimum  Switch  Frequency 
Response  @  -3  dB 
Figs.  11,  13,  15 

fMAX 

See  Fig.  6 
Notes  1,  2 

4051 
4052 
4053 

-2.25 

2.25 

145 
165 
200 

MHz 

4051 
4052 
4053 

-4.5 

4.5 

180 
185 

>200 

Crosstalk  Between 
Any  Two  Switches 
Note  4 

See  Fig.  7 
Notes  2,  3 

4051 
4052 
4053 

-2.25 

2.25 

N/A 
(TBE) 
(TBE) 

dB 

4051 
4052 
4053 

-4.5 

4.5 

N/A 
(TBE) 
(TBE) 

Sine-Wave  Distortion 

See  Fig.  8 

All 
All 

-2.25 
-4.5 

2.25 
4.5 

0.035 
0.018 

% 

E  or  S  to  Switch 
Feedthrough  Noise 

See  Fig.  9 
Notes  2,  3 

4051 
4052 
4053 

-2.25 

2.25 

(TBE) 

mV 

4051 
4052 
4053 

-4.5 

4.5 

(TBE) 

Switch  "OFF" 
Signal  Feedthrough 
Figs.  12,  14,  16 

See  Fig.  10 
Notes  2,  3 

4051 
4052 
4053 

-2.25 

2.25 

-73 
-65 
-64 

dB 

4051 
4052 
4053 

-4.5 

4.5 

-75 
-67 
-66 

Notes: 

1 .  Adjust  input  voltage  to  obtain  OdBm  @  Vos  for  fu  =  1  MHz. 

2.  V1S  is  centered  at  (Vcc  -  VEE)/2. 

3.  Adjust  input  for  OdBm. 

4.  Not  applicable  for  HC/HCT4051. 
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CD54/74HC4051,  CD54/74HCT4051 
CD54/74HC4052,  CD54/74HCT4052 


vcc 


0.1[iF 

SWITCH 

 It— 

ON 

I  vos 

i 

=  10pF 

VCC«  ' 

X 


_  0.111F 

Oj  — it- 


vcc 

1 

SWITCH 

ON 

I 

=  c 

f|S  — 1  MHz  SINE  WAVE 

-  =»a 

C  =  10pF 


92CS-39354 


Fig.  6  -  Frequency  response  test  circuit. 


VcC2 


SWITCH 

OFF 

^R  Z 

Vcc/2 


1 


T 


92CS-39355 

Fig.  7  -  Crosstalk  between  two  switches  test  circuit. 


SINE 
WAVE 

v,s— lf- 

10||F 


SWITCH 
ON 


X 


>10Kfl  ^5QpF 


l|S  =  1  kHz  TO  10  kHz 


X 


92CS  -  393  56BI 


Fig.  8  -  Sine  wave  distortion  test  circuit. 
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Fig.  9  -  Control-to-switch  leedthrough  noise  test  circuit. 
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92CS-39353 


Fig.  10  -  Switch  off  signal  feedth rough. 
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.  Technical  Data 


CD54/74HC4051,  CD54/74HCT4051 
CD54/74HC4052,  CD54/74HCT4052 


IM  IOM 
FREQUENCY ( f  )-Hz 


IM  IOM  IOOM 

FREQUENCY  If) -Hz  92CS- 39350 


Fig.  11  -  Channel  on  bandwidth  {HC/HCT4051). 


Fig.  12 -Channel  off  feedthrough  (HC/HCT4051). 


vcc. 2.25V 
GND=-2.25V 
VEE.-2.25V 
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IM  IOM  IOOM 

FREQUENCY  CI] -Hz  92CS-3933I 


IM  IOM  IOOM 

FREQUENCY ( f )  — Hz  9ZCS-39348 


Fig.  13  ■  Channel  on  bandwidth  (HC/HCT4052). 


Fig.  14  -  Channel  off  feedthrough  (HC/HCT4052). 
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5V 

GND  =  -4  5V 
VEE--4.5 

R|_=  son 

PIN  5  TO  4 

j 

FREQUENCY  (l)-Hz 

92C5-39430 

Fig.  16  -  Channel  oft  feedthrough  (HC/HCT4053). 
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VCC = 

■~vcc-vEE  =  »v 


INPUT  SIGNAL  VOLTAGE  (V,s|  -  V 

9ZCS-385S3 

Fig.  17  -  Typical  ON  resistance  vs.  input  signal  voltage. 
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■"— *PHL 

 90% 

50% 
0% 


*EE 


E  or  Sn  , 

?50% 

'PLZ 

0UTPUT:L0W 
TO  OFF 

'PHZ 

OUTPUT:  HIGH  3 
TO  OFF 

—  SWITCH  ON-. 

10  % 
90% 


SWITCH  OFF  - 


A 


92CS-36972R4 


50% 

SWITCH  ON 

92CS-38359 


HC4 051,  4052,  4053 


6ns— J    U-Ir  If— "4  k—6 


OUTPUTILOW 
TO  OFF 


•PHZ 


OUTPUT  :  HIGH 
TO  OFF 


10  % 
90% 


-3V 
-  GND 


■  SWITCH  ON  - 
92CS-39360 


HCT4051,4052,  4053 

Fig.  18  -  Switch  propagation  delay,  turn-on,  turn-off  times. 
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Fig.  19  -  Switch  on/off  propagation  delay  test  circuit. 


Fig.  20  -  Switch  In  to  Switch  Out 

i  test  circuit. 
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.  Technical  Data 


File  Number  1853 


CD54/74HC4059 
CD54/74HCT4059 


High-Speed  CMOS  Logic 


'IN 


92CS-40495 

FUNCTIONAL  DIAGRAM 


CMOS  Programmable 
Divide-by-"N"  Counter 

Type  Features: 

■  Synchronous  programmable  4-  N  counter: 
N  =  3to  9999  or  15999 

■  Presettable  down-counter 

■  Fully  static  operation 

m  Mode-select  control  of  initial  decade 
counting  function  (4-  10,  8,  5,  4,  2) 

■  Master  preset  initialization 

■  Latchable  h-  n  output 


The  RCA-CD54/74HC4059  and  the  CD54/74HCT4059  are 
high-speed  silicon-gate  devices  that  are  pin-compatible 
with  the  CD4059B  devices  of  the  CD4000B  series.  These 
devices  are  divide-by-N  down-counters  that  can  be  pro- 
grammed to  divide  an  input  frequency  by  any  number  "N" 
from  3  to  15,999.  The  output  signal  is  a  pulse  one  clock 
cycle  wide  occurring  at  a  rate  equal  to  the  input  frequency 
divided  by  N.  The  down-counter  is  preset  by  means  of  16 
jam  inputs. 

The  three  Mode-Select  Inputs  Ka,  Kb,  and  Kc  determine  the 
modulus  ("divide-by"  number)  of  the  first  and  last  counting 
sections  in  accordance  with  the  truth  table  shown  in  Table  E 
Every  time  the  first  (fastest)  counting  section  goes  through 
one  cycle,  it  reduces  by  1  the  number  that  has  been  preset 
(jammed)  into  the  three  decades  of  the  intermediate 
counting  section  and  into  the  last  counting  section,  which 
consists  of  flip-flops  that  are  not  needed  for  operating  the 
first  counting  section.  For  example,  in  the  -f-  2  mode,  only 
one  flip-flop  is  needed  in  the  first  counting  section. 
Therefore  the  last  counting  section  has  three  flip-flops  that 
can  be  preset  to  a  maximum  count  of  seven  with  a  place 
value  of  thousands.  If  -f- 10  is  desired  for  the  first  section,  Ka 
is  set  "high",  Kb  "high"  and  Kc  "low".  Jam  inputs  J1 ,  J2,  J3, 
and  J4  are  used  to  preset  the  first  counting  section  and 
there  is  no  last  counting  section.  The  intermediate  counting 
section  consists  of  three  cascaded  BCD  decade  (4  10) 
counters  presettable  by  means  of  Jam  Inputs  J5  through 
J16. 

The  Mode-Select  Inputs  permit  frequency-synthesizer 
channel  separations  of  10,  12.5,  20,  25,  or  50  parts.  These 
inputs  set  the  maximum  value  of  N  at  9999  (when  the  first 
counting  section  divides  by  5  or  10)  or  15,999  (when  the  first 
counting  section  divides  by  8,  4,  or  2). 

The  three  decades  of  the  intermediate  counter  can  be 
preset  to  a  binary  15  instead  of  a  binary  9,  while  their  place 
values  are  still  1,  10,  and  100,  multiplied  by  the  number  of 
the     N  mode.  For  example,  in  the  4  8  mode,  the  number 


Family  Features: 

■  Fanout  {over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:  -40to+85°C 

m  Balanced  propagation  delay  and  transition  times 

■  Significant  power  reduction  compared  to  LSTTL 
logic  ICs 

m  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity: 

Nil  =  30%,  N\h  =  30%  of  Vccl  @  VCc  =  5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

Vil  =  0.8  V  max.,  Vm  =  2  V  mm. 
CMOS  input  compatibility 

/,  <  7  fjA@  Vol,  Voh 

Applications: 

■  Communications  digital  frequency 
synthesizers:  VHF,  UHF,  FM,  AM,  etc. 

■  Fixed  or  programmable  frequency  division 
m  "Time  out"  timer  for  consumer-application 

industrial  controls 

■  Companion  Application  Note,  ICAN-6374,  "Application 
of  the  CMOS  CD4059A  Programmable  Divide-by-N 
Counter  in  FM  and  Citizens  Band  Transceiver  Digital 
Tuners" 
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Technical  Data 


CD54/74HC4059 
CD54/74HCT4059 

from  which  counting  down  begins  can  be  preset  to: 

3rd  decade:  1500 

2nd  decade:  150 

1st  decade:  15 
Last  counting  section  1000 


The  total  ot  these  numbers  (2665)  times  8  equals  21,320. 
The  first  counting  section  can  be  preset  to  7.  Therefore, 
21 ,327  is  the  maximum  possible  count  in  the  t  8  mode. 

The  highest  count  of  the  various  modes  is  shown  in  the 
column  entitled  Extended  Counter  Range  of  Table  I.  Control 
inputs  Kb  and  Kc  can  be  used  to  initiate  and  lock  the 
counter  in  the  "master  preset"  state.  In  this  condition  the 
flip-flops  in  the  counter  are  preset  in  accordance  with  the 
jam  inputs  and  the  counter  remains  in  that  state  as  long  as 
Kb  and  Kc  both  remain  low.  The  counter  begins  to  count 
down  from  the  preset  state  when  a  counting  mode  other 
than  the  master  preset  mode  is  selected. 

The  counter  should  always  be  put  in  the  master  preset 
mode  before  the  -s-  5  mode  is  selected.  Whenever  the  master 
preset  mode  is  used,  control  signals  Kb  =  "low"  and  Kc  = 
"low"  must  be  applied  for  at  least  3  full  clock  pulses. 


After  the  Master  Preset  Mode  inputs  have  been  changed  to 
one  of  the  4-  modes,  the  next  positive-going  clock  transition 
changes  an  internal  flip-flop  so  that  the  countdown  can 
begin  at  the  second  positive-going  clock  transition.  Thus, 
after  an  MP  (Master  Preset)  mode,  there  is  always  one  extra 
count  before  the  output  goes  high.  Fig.  1  illustrates  a  total 
count  of  3  8  mode).  If  the  Master  Preset  mode  is  started 
two  clock  cycles  or  less  before  an  output  pulse,  the  output 
pulse  will  appear  at  the  time  due.  If  the  Master  Preset  Mode 
is  not  used,  the  counter  jumps  back  to  the  "Jam"  count 
when  the  output  pulse  appears. 

A  "high"  on  the  Latch  Enable  input  will  cause  the  counter 
output  to  remain  high  once  an  output  pulse  occurs,  and  to 
remain  in  the  high  state  until  the  latch  input  returns  to  "low". 
If  the  Latch  Enable  is  "low",  the  output  pulse  will  remain 
high  for  only  1  cycle  of  the  clock-input  signal. 

The  CD54HC4059  and  CD54HCT4059  are  supplied  in  24- 
lead  dual-in-line  frit-seal  ceramic  packages  (F  suffix).  The 
CD74HC4059  and  CD74HCT4059  are  supplied  in  24-lead 
dual-in-line,  narrow-body  plastic  packages  (EN  suffix),  in 
24-lead  dual-in-line,  wide-body  plastic  packages  (E  suffix), 
and  in  24-lead  dual-in-line  surface-mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form  (H 
suffix). 


Table  I 


Mode 
Select 

First  Counting 
Section 

Last  Counting 
Section 

Counter 
Range 

CP   

LE  

2 

■w  

24 

23 

—  vCc 

  0 

Input 

Design 

Extended 

J1   

3 

22 

 J5 

Mode 

Can  be 
preset 

Mode 

Can  be 
preset 

J2   

J3   

4 

5 

21 
20 

 J6 

  J7 

Ka 

Kb 

Kc 

Di- 

to a 

Jam* 

Di- 

to a 

Jam* 

Max. 

Max. 

J4   1 

6 

19 

  JB 

vides 

max. 

inputs 

vides 

max. 

inputs 

J16  

7 

18 

  J9 

by: 

of: 

used: 

by: 

of: 

used: 

J15  ' 

S 

17 

 J10 

H 

H 

H 

2 

1 

J1 

8 

7 

J2,J3,J4 

15,999 

17,331 

J14  

9 

16 

  J11 

L 

H 

H 

4 

3 

J1.J2 

4 

3 

J3.J4 

15,999 

18.663 

Ml  

10 

15 

'   J12 

H 

L 

H 

5# 

4 

J1,J2,J3 

2 

1 

J4 

9,999 

13,329 

Kc   

1t 

14 

  K„ 

L 

L 

H 

8 

7 

J1,J2,J3 

2 

1 

J4 

15,999 

21,327 

G  N  D   

12 

13 

 Kb 

H 

H 

L 

10 

9 

J1,J2,J3,J4 

1 

0 

9,999 

16,659 

TOP 

VIEW 

92CS- 

404  96 

X 

L 

L 

Master  Preset 

Master  Preset 

X  =  Don't  Care  #Operation  in  the  +  5  mode  (1st  counting  section)  requires  TERMINAL  ASSIGNMENT 

•J1  =  Least  significant  bit.       going  through  the  Master  Preset  mode  prior  to  going  into 
J4  =  Most  significant  bit.       lhe    5  mode.  At  power  turn-on,  Kc  must  be  "low"  for  a  period 
of  3  input  clock  pulses  after  VCc  reaches  a  minimum  of  3  volts. 


.  Technical  Data 


CD54/74HC4059 
CD54/74HCT4059 


How  to  Preset  the  CDS4/74HC/HCT40S9  to  Desired  -i-  N 

The  value  N  is  determined  as  follows: 
N  =  (MODE*)  (1000  x  Decade  5  Preset  +  100  x  Decade  4  Preset  +  10  x  Decade  3  Preset  + 
1  x  Decade  2  Preset)  +  Decade  1  Preset 
'MODE  *  First  counting  section  divider  (10,  8,  5,  4,  or  2) 


(D 


To  calculate  preset  values  for  any  N  count,  divide  the  N  count  by  the  Mode.  The  resultant  is  the  corresponding 
preset  values  of  the  5th  through  2nd  decade  with  the  remainder  being  equal  to  the  1st  decade  value. 

N 

Preset  Value  =   


Example: 

N  =  8479,  Mode  =  5 


Mode 


Preset  Values 


Mode  Select  =  5 
Ka   Kb  Kc 
H      L  H 


(2) 


Program  Jam  Inputs  (BCD) 


1 


9 


J1      J2      J3      J4  J5      J6  J7 

L       L       H       H  H       L  H 

To  verify  the  results,  use  Equation  1: 

N  =  5  (1000  x  1  +  100  x  6  +  10  x  9  +  1x5)  +  4 
N  =  8479 


J9  J10  J11  J12 
H       L       L  H 


J13  J14  J15  J16 
L       H      H  L 


PROGRAM  JAM  INPUTS  (BCD) 


12 

GND  O — 
24 

vcc  O- 


CLOCK  , 
INPUT  I 


J1    J2    J3    J4  J5    J6    J7    J8         J9    J10  JH    J12        J13  J14  J15  J16 

^J4  ^p0^9  ^P7^6  ^5       ^f"^  ^  ^? 


PRESET  TABLE  LOGIC 


FIRST 

COUNTING 

SECTION 

—10.8.5.4.2 

-INTERMEDIATE    COUNTING  SECTION- 


n 


r 


T  T 


LAST 
COUNTING 
SECTION 
-rl  ,2  ,2,4.1 


DIVIDE  -BY  -  N 
OUTPUT 


92CM-?J2I3HI 


Fig.  1  -  Functional  block  diagram. 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  Im  (FOR  V;  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0  5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (lcc)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  Ta  =  -40  to  +60°C  (PACKAGE  TYPE  E)  500  mW 

For  Ta  »  +60  to  +85° C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

ForT,  =  -55  to  +100°C  (PACKAGE  TYPE  F.H)   500  mW 

For  Ta  =  +100  to  +125° C  (PACKAGE  TYPE  F.H)   Derate  Linearly  at  8  mW/'C  to  300  mW 

For  T«  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°  C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta); 

PACKAGE  TYPE  F.H   -55to+125°C 

PACKAGE  TYPE  E.M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta=FuII  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 
CD54/74HCT  Types 

2 

4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage,  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature,  TA: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+  125 

'C 

Input  Rise  and  Fall  Times,  t,,tt: 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

•Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data 


CD54/74HC4059 
CD54/74HCT4059 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC4059/CD54HC4059 

CD74HCT40S9/CD54HCT4059 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lb 

mA 

Vcc 
V 

♦25°  C 

-40/ 
+85"  C 

-55/ 
+125-C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
♦  125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Mai 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  Vih 

2 

1.5 

1.5 

1.5 

4.5 
to 

5.5 

2 

2 

2 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  Vil 

2 

- 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

_ 

_ 

0.8 



0.8 



0.8 

V 

4.6 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

Vu. 
or 

V,H 

-0.02 

2 

1.9 

1.9 

1.9 

V,L 

or 

V,„ 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4  5 

4  4 

4.4 

4.4 

6 

5.9 

59 

5.9 

TTL  Loads 

V,L 
or 
V,„ 

Vi 
or 
V,„ 

4.5 

3.98 

3.84 

37 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V,u 
or 

V,H 

0.02 

2 

0.1 

0.1 

0.1 

Vn 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

or 

6 

0.1 

0.1 

0.1 

v,„ 

TTL  Loads 

Vn. 
or 

V,H 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

or 

V,H 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 

Current  \, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

fA 

Quiescent 

Device  Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

fA 

Additional 

Ouiescent  Device 

Current  per  input 

pin:  1  unit  load  Alec* 

Vcc -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

fA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All  J  Inputs 

0.5 

CP 

0.65 

LE 

1.65 

Ka 

1 

Kb 

1.5 

Kc 

0.85 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 //A  max.  @  25°C. 
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SWITCHING  CHARACTERISTICS  (Vcc=5  V,  T»=25°C,  Input  t„I,=6  ns) 


TYPICAL  VALUES 

CHARACTERISTIC 

C  (pF) 

HC 

HCT 

UNITS 

Propagation  Delay: 
CPtoQ 

tpLH 
tpHL 

15 

17 

19 

ns 

LEtoQ 

14 

19 

CP  Frequency 

fMAX 

15 

54 

50 

MHz 

Power  Dissipation  Capacitance* 

CpD 

36 

36 

pF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Pd  =  Cpd  Vcc2  fi  +  Z  CL  Vcc2  fo  where  d  =  input  frequency 

fo  =  output  frequency 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage. 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25°  C 

-40°  C  to  +85°  C 

-55°CtO  +125°  C 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74  HCT 

54HC 

54HCT 

UNITS 

Vcc  (V) 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Pulse  Width  tw 

2 

90 

115 

135 

CP 

4.5 

18 

20 

23 

25 

27 

30 

6 

15 

20 

23 

ns 

Setup  Time  tsu 

2 

75 

95 

110 

Kb,  Kc  to  CP 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

CP  Frequency  fM»x 

2 

5 

4 

4 

4.5 

27 

25 

22 

20 

18 

17 

MHz 

6 

32 

26 

21 
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SWITCHING  CHARACTERISTICS  (Cl=50  pF,  Input  t„t,=6  ns) 


LIMITS 

25 

'C 

-40°Cto  +85°  C 

-55°Cto  +125 

°c 

CHARACTERISTIC 

vcc 

HC 

HCT 

74HC 

74  HCT 

54HC 

54HCT 

UNITS 

(V) 

Min 

Mm. 

M«w 

Max. 

Min 

Mm. 

max. 

Min 

min. 

Mow 

max. 

Min. 

Mow 

Max. 

Min 

Min. 

Maw 

Max. 

Min 
Min. 

Mav 

Max. 

Propagation  Delay 

tpLH 

2 

200 

250 

300 

tpHL 

4.5 

40 

46 

50 

58 

60 

69 

CPtoQ 

ft 

D 

34 

43 

51 

2 

175 

220 

265 

LEtoQ 

4.5 

35 

46 

44 

58 

53 

69 

ns 

6 

30 

37 

45 

Output  Transition 

tTLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 
6 

15 
13 

15 

19 
16 

19 

22 
19 

22 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

CP  «s 


INPUT 
" LEVEL 
GND 

INPUT 
LEVEL 
GND 


92CS-40494 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  Transition  times,  propagation  delay  times,  and  setup  times. 
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File  Number  1654 


High-Speed  CMOS  Logic 


ti- 


ll 


14- STAGE 
RIPPLE 
COUNTER 
AND 
OSCILLATOR 


10 


■  Q10 
012 
013 

■  014 


GND  ■  8 
Vcc-16 

♦o 

FUNCTIONAL  DIAGRAM 


92CS-29073R3 


14-Stage  Binary  Counter  with  Oscillator 


Type  Features: 

■  Onboard  oscillator 

■  Common  reset 

■  Negative  edge  clocking 

■  Typical  f max  =  50  MHz  @  Vcc  : 


5  V,  CL  = 


75  pF,  U  : 


25°  C 


The  RCA-CD54/74HC4060  and  CD54/74HCT4060  each 
consists  of  an  oscillator  section  and  14  ripple-carry  binary 
counter  stages.  The  oscillator  configuration  allows  design 
of  either  RC  or  crystal  oscillator  circuits.  A  Master  Reset 
input  is  provided  which  resets  the  counter  to  the  all-O's  state 
and  disables  the  oscillator.  A  high  level  on  the  MR  line 
accomplishes  the  reset  function.  All  counter  stages  are 
master-slave  flip-flops.  The  state  of  the  counter  is  advanced 
one  step  in  binary  order  on  the  negative  transition  of  <p\  (and 
0o).  All  inputs  and  outputs  are  buffered.  Schmitt  trigger 
action  on  the  input-pulse  line  permits  unlimited  rise  and  fall 
times. 

In  order  to  achieve  a  symmetrical  waveform  in  the  oscillator 
section  the  HCT4060  input  pulse  switchpoints  are  the  same 
as  in  the  HC4060;  only  the  MR  input  in  the  HCT4060  has 
TTL  switching  levels. 

The  CD54HC4060  and  CD54HCT4060  are  supplied  in  16- 
lead  hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC4060  and  CD74HCT4060  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  {Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:    -40  to +85" C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2to6V  Operation 
High  Noise  Immunity: 

Nil  =  30%,  Wih  =  30%  of  Vcc;  @  Vcc  =  5  V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max.,  V,H  =  2  V  Min. 
CMOS  Input  Compatibility 

/,  <  1  vA  @  Vol,  Voh 


01 

<p4  Q4 

FF I 

FF4 

01 

4>t  04 
R 

R 

MHO 


Fig.  1  -  Logic  block  diagram. 


5,4,»,14,13,15.1 
05-010,  012 

92CS-3e494RI 
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TRUTH  TABLE 


<t>\ 

MR 

OUTPUT  STATE 

L 

No  Change 

L 

Advance  to  Next  State 

X 

H 

All  Outputs  are  Low 

Fig.  2  -  Flip-Hop  detail. 


H  =  high  level  (steady  state) 
L  =  low  level  (steady  state) 
X  =  don't  care 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  I,*  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  l0K  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  <l0)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  T»  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

For  T.  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   500  mW 

For  Ta  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  T*  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H  -55  to  +125"  C 

PACKAGE  TYPE  E.  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.„)  -65  to  +150°  C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  t„  ti 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC4060,  CDS4HC4060 

CO74HCT4060,  CD54HCT4060 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

'o 
mA 

Vcc 
V 

♦25°  C 

-40/ 
'«5°C 

-55/ 
♦12S"C 

Vi 
V 

Vcc 
V 

.25°  C 

-40/ 
•S5°C 

-55/ 
«12S°C 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Max 

Mln 

Typ 

Mai 

Mln 

Mai 

Mln 

Mai 

Input  Voltage  V)H 

2 

1.5 

— 

- 

1  5 

— 

1.5 

— 

- 

4.5 
to 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

4.5 

3.15 

— 

— 

3.15 

— 

3.15 

— 

6 

4.2 

— 

- 

4.2 

- 

4.2 

— 

Low-Level 

Input  Voltage  V)L 

2 

0.5 

0.5 

0.5 

- 

4.5 
to 
5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Leval 

Output  Voltage 

Q  Outputs  v°» 

CMOS  Loads 

VlL 

or 

V,H 

-0.02 

2 

1.9 

1.9 

1.9 

Vil" 
or 

V,H 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

44 

44 

6 

5.9 

5.9 

5.9 

Mign-Levei 

Output  Voltage  vOH 
0  Outputs 
TTL  Loads 

VlL 

or 

V(H 

VlL  " 
or 

V,H 

45 

398 

3.84 

37 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

534 

5.2 

Low-Level 

Output  Voltage 

Q  Outputs  V«. 

CMOS  Loads 

V|L 
or 
Vih 

0.02 

2 

0.1 

0  1 

01 

Vil" 
or 
Vih 

45 

0.1 

01 

0.1 

V 

4.5 

01 

01 

01 

6 

01 

01 

0.1 

Low-Level 

Output  Voltage  Vex. 
0  Outputs 
TTL  Loads 

V.L 
or 
Vim 

Vil" 
or 

V,H 

45 

026 

0.33 

04 

V 

4 

45 

026 

033 

0.4 

52 

6 

026 

033 

04 

"For  Pin  11  V)H=3.15  V.  V|L=0.9  V. 
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STATIC  ELECTRICAL  CHARACTERISTICS  (Conf  d) 


CD74HC4060,  CD54HC4060 

CD74HCT4060,  CDS4HCT4060 

TEST 

74HC/54HC 

74HC 

TEST 

74HCT/54HCT 

74HCT 

54HCT 

CHARACTERISTIC 

CONDITIONS 

TYPES 

TYI 

«E 

TYI 

>E 

CONDITIONS 

TYPES 

TYI 

■E 

TYPE 

UNITS 

V, 

■o 

Vcc 

+25°  C 

-40/ 

•85-C 

-55/ 
♦125" C 

Vi 

Vcc 

♦25°  C 

-40/ 
»8S°C 

-55/ 
♦125°C 

V 

mA 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Mai 

V 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Output  Voltage  Vo„ 
♦  o  Output  (Pin  10) 

Vcc 

2 

1.9 

1.9 

1.9 

Vcc 

or 

-0.02 

4.5 

4.4 

4.4 

4.4 

or 

4.5 

4.4 

4.4 

4.4 

V 

CMOS  Loads 

Gnd 

6 

5.9 

5.9 

5.9 

Gnd 

High-Level 

Output  Voltage  v°h 
?0  Output  (Pin  10) 

Vcc 

Vcc 

or 

-2.6 

4.5 

398 

- 

- 

3.84 

3.7 

- 

or 

4.5 

3.98 

- 

- 

3.84 

- 

3.7 

- 

V 

TTL  Loads  ^ 

Gnd 

-3.3 

6 

5.48 

5.34 

5.2 

Gnd 

Low-Level 

Vcc 

2 

0.1 

0  1 

01 

Vcc 

Output  Voltage  Vol 

5o  Output  (Pin  10) 

or 

0.02 

4.5 

01 

0.1 

0.1 

or 

4.5 

0.1 

0.1 

0.1 

V 

CMOS  Loads 

Gnd 

6 

0.1 

0.1 

0.1 

Low-Level 

Vcc 

Vcc 

Output  Voltage  Vex. 
*  O  Output  (Pin  10) 

or 

2.6 

4.5 

- 

- 

0.26 

0.33 

0.4 

or 

4.5 

- 

- 

0.26 

- 

0.33 

- 

0.4 

V 

TTL  Loads 

Gnd 

33 

6 

0.26 

_ 

033 

_ 

0.4 

Gnd 

High-Level 

Output  Voltage  Vox 
*o  Output  (Pin  9) 

VlL 

V,L  •• 

or 

-3.2 

4.5 

3.98 

384 

37 

or 

4.5 

398 

3.84 

3.7 

V 

TTL  Loads 

V,h 

-4.2 

6 

548 

5.34 

5.2 

Vih 

Low-Level 

Output  Voltage  v«. 
♦  o  Output  (Pin  9) 

VlL 

V,L  " 

or 

32 

4.5 

0.26 

033 

0.4 

or 

4.5 

0.26 

0.33 

0.4 

V 

TTL  Loads 

V|H 

4.2 

6 

026 

033 

0.4 

V|H 

Input  Leakage 
Current  [, 

Vcc 
or 
Gnd 

6 

10.1 

±1 

±1 

Any 
Voltage 
between 

Vcc 
& 

Gnd 

5.5 

±0.1 

±1 

±1 

HA 

Quiescent 

Vcc 

Vcc 

Device 

or 

0 

6 

8 

80 

160 

or 

5.5 

8 

80 

160 

//A 

Current  'cc 

Gnd 

Gnd 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec" 

Vcc-21 

4.5 
to 
5.5 

100 

360 

450 

490 

1* 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specilication  is  1  8  mA. 

"Pin  II  Vil  =  0.9V.  Vih  =  3.15V 

OLimits  not  valid  when  pin  12  (instead  of  pin  11)  is  used  as  control  input. 

HCT  INPUT  LOADING 


INPUT 

UNIT  LOADS* 

MR 

0.35 

'Unit  load  is  A  Ice  limit  specified  in 
Static  Characteristics  Chart, 
e.g.,  360 //A  max.  @25°C. 


Q12  — 

—  vcc 

013  — 

—  O10 

—  OB 

06  — 

-Hq9 

05  ± 

—  MR 

Q7  — 

—  « 

M-i 

8 

GND  — 

TERMINAL  ASSIGNMENT 
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SWITCHING  CHARACTERISTICS  (Vcc=5  V,  TA=25°C,  li 

iput  t, ,  ti=6 

ns) 

CHARACTERISTIC 

Cl 

Typical 

UNITS 

(# 

HC 

HCT 

Propagation  Delay  #  i  to  Q< 

tPLH 
tPHL 

15 

25 

25 

rts 

Propagation  Delay  On  to  Qn*1 

tPLH 
tPHL 

15 

6 

6 

ns 

Propagation  Delay  MR  to  On  Output 

tPHL 

15 

14 

17 

ns 

Propagation  Dissipation  Capacitance' 

Cpo 

40 

40 

pF 

Cpo  is  used  to  determine  the  dynamic  power  conaumption,  per  package. 

PD  -  Cpo  Vcc"  fj  +  I  (CL  Vcc1  tAQ  where: 
M  =  2',  7f,  P..3" 
Cl  -  output  load  capacitance 
fi  =  input  frequency 


Prerequisite  for  Switching  Function 


25' 

C 

-40°Cto+S5°C 

55°  CIO 

*125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Maximum  Input  Pulse 

2 

6 

5 

4 

Frequency 

tMAX 

4.5 

30 

30 

25 

25 

20 

20 

MHZ 

6 

35 

29 

23 

Input  Pulse  Width 

tw 

2 

80 

100 

120 

(Figure  4) 

4.5 

16 

16 

20 

20 

24 

24 

ns 

6 

14 

17 

20 

Reset  Removal  Time 

tREM 

2 

100 

125 

150 

(Figure  5) 

45 

20 

26 

25 

33 

30 

39 

ns 

6 

17 

21 

26 

Reset  Pulse  Width 

tw 

2 

80 

100 

120 

(Figure  5) 

4.5 

16 

25 

20 

31 

24 

38 

ns 

6 

14 

17 

20 

SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  U  tt  =  6ns) 


25°  C 

-40°Cto+S5°C 

-55°Cto*125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Propagation  Delay 

tPLH 

2 

300 

375 

450 

«i  toQ4 

tPHL 

4.5 

60 

66 

75 

83 

90 

too 

ns 

(Figure  4) 

6 

51 

64 

78 

Propagation  Delay 

tftM 

2 

80 

100 

120 

Qn  to  Q„.1 

4.5 

16 

16 

20 

20 

24 

24 

ns 

(Figure  4) 

6 

14 

17 

20 

Propagation  Delay 

tPHL 

2 

175 

220 

265 

MR  to  Qn 

4.5 

35 

44 

44 

55 

53 

66 

ns 

(Figure  5) 

6 

30 

37 

45 

Output  Transition 

*TLH 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

(Figure  4| 

6 

13 

16 

19 

Input  Capacitance 

<V 

•T8D 


534  _ 
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TYPICAL  LIMIT  VALUES  FOR  Rx  AND  Cx 


TYPICAL 

CHARACTERISTIC 

TEST  CONDITIONS 

VOLTAGE 

MAXIMUM 

LIMITS 

Rx  Min. 

Cx  >  1 000  pF 

2 

Cx  >  10  pF 

4.5 

1  KO 

Cx  >  10  pF 

6 

Rx  Max. 

Cx  >  10  pF 

2 

Cx  >  10  pF 

4.5 

20  MO 

Cx  >  10  pF 

6 

Cx  Min. 

Rx>10KO. 

2 

Rx>10KO 

4.5 

10  pF 

Rx>10Kn 

6 

Rx  =  1  KO 

2 

1000  pF 

Rx  =  1  KO 

4.5 

10  pF 

Rx  =  1  KO 

6 

10  pF 

Maximum  Astable 

Cx  =  1000  pF,  Rx  =  1  KO 

2 

0.5  MHz* 

Oscillator  Frequency 

Cx  =  100  pF,  Rx  =  1  KO 

4.5 

3  MHz* 

Cx  =  100  pF,  Rx  =  1  KO 

6 

3  MHz* 

"At  very  high  frequencies  f  =  1/2.2  RxC*  no  longer  gives  an  accurate  approximation. 


_ 

--90% 
04  ^ 
IQnt-l)  \ 


-7  \  I — V" 

+  1       --  50%  /  -r 


j  -907.  \ 
-I  50%  -- 
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2    4  68  2 
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Fig.  4  -  Input  pulse  pre-requisite  times,  propagation  delays 
and  output  transition  times  tor  both  HC  and  HCT  types. 


OSC  FREQUENCY  -  1/2.2  RXCX 
FOR  1  MO  >  Rx  >  1  KQ, 
Cx>lopF,  l<  1  MHZ 

Fig.  3  -  Frequency  ot  on-board  oscillator  as  a  function  of  Cx  and  Rx. 
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Fig.  5  -  Master  Reset  pre-requisite  and  propagation  delays. 
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Quad  Bilateral  Switch 


Type  Features: 

■  Wide  analog-input-voltage  range:  0-10  V 

■  Low  "ON"  resistance:   25  CI  @  Vcc  =  4.5  V 

75  n  @  Vcc  =  9  V 

■  Fas/  switching  and  propagation  delay  times 


FUNCTIONAL  DIAGRAM 


The  RCA  CD54/74  HC/HCT4066  contains  four  independent 
digitally  controlled  analog  switches  that  use  silicon-gate 
CMOS  technology  to  achieve  operating  speeds  similar  to 
LSTTL  with  the  low  power  consumption  of  standard  CMOS 
integrated  circuits. 

These  switches  feature  the  characteristic  linear  "ON"- 
resistance  of  the  metal-gate  CD4066B.  Each  switch  is 
turned  on  by  a  high-level  voltage  on  its  control  input. 

The  CD54HC4066  and  CD54HCT4066  are  supplied  in  14- 
lead  hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC4066  and  CD74HCT4066  are  supplied  in  14-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual- 
in-line  surface  mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Alternate  Source:  Philips/Signetics 

■  Wide  operating  temperature  range: 

CD74HC/HCT:  -40  to  +85°  C 

■  CD54HC/CD74HC  types: 

2  V  to  10  V  operation 
High  noise  immunity: 

Nil  =  30%,  Nm  *  30%  of  Vcc;  @  Vcc  =  5  V  &  10  V 

■  CD54HCT/CD74HCT  types: 

Direct  LSTTL  input  logic  compatibility 

Vn.  =  0.8  V  Max.,  Vm  =  2V  Min. 
CMOS  input  compatiblity 

/,  <  7  fiA@  Vol,  Voh 


-CI 


TRUTH  TABLE 


INPUT 
nE 

SWITCH 

L 

off 

H 

on 

H  =  HIGH  Level 
L  =  LOW  Level 


9ZCS-39859 


Fig.  1  -  Logic  diagram  (one  switch). 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 

« 

DC  SUPPLY-VOLTAGE,  (Vcc): 
(Voltages  referenced  to  ground) 

HCT  Types  -0.5  to  +7  V 

HC  Types   -0.5  to +10.5  V 

DC  INPUT  DIODE  CURRENT,  li«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  SWITCH  DIODE  CURRENT,  I0k  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)  ±20  mA 

DC  SWITCH  CURRENT,  lo.  (FOR  V,  >  -0.5  V  OR  V,  <  Vcc  +  0.5  V)  ±25  mA 

DC  VCc  OR  GROUND  CURRENT  (lcc)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  T,  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

ForT.  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

ForT»  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°Cto  300  mW 

ForT»  =  -40  to  +70°  C  (PACKAGE  TYPE  M)  400  mW 

For  Ta  =  +70  to  +125°  C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  -55  to  +125°  C 

PACKAGE  TYPE  E,  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


•  In  certain  applications,  the  external  load-resistor  current  may  include  both  Vcc  and  signal-line  components.  To  avoid  drawing  Vcc  current 
when  switch  current  flows  into  the  transmission  gate  inputs,  (terminals  1 ,  4,  8  and  11)  the  voltage  drop  across  the  bidirectional  switch  must 
not  exceed  0.6  volt  (calculated  from  Ron  values  shown  in  the  Electrical  Characteristics  Chart).  No  Vcc  current  will  flow  through  RL  if  the  switch 
current  flows  into  terminals  2.  3,  9  and  10. 
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CD54/74HC4066 
CD54/74HCT4066 

RECOMMENDED  OPERATING  CONDITIONS:  For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (FotTa  =  Full  Package-Temperature  Range)  Vcc^* 

CD54/74HC  Types 

2 

10 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  Voltage,  Vc,  and  Analog  Switch  Voltage,  Vi/0 

0 

Vcc 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

CD54  Types 

-55 

+125 

°c 

Input  Rise  and  Fall  Times  tr,  t(  (Control  Inputs) 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at9V 

0 

250 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC4066/CD54HC4066 


TEST 

74HC/54HC 

74HC 

54HC 

TEST 

74HCT/54HCT 

74HCT 

54HCT 

CHARACTERISTIC 

CONDITIONS 

1 

YPES 

TYPES 

TYPES 

CONDITIONS 

TYPES 

TYPES 

TYPES 

UNITS 

CON- 
TROL 

SW- 
ITCH 

Vcc 

+25°  C 

-40/ 
+85"  C 

-55/ 
+125°C 

CON- 
TROL 

SW- 
ITCH 

Vcc 

+25°-C 

-40/ 
+85°  C 

-55/ 
+125° C 

v, 

Vis 

v 

V, 

Vis 

V 

v 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

V 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

2 

1.5 

1.5 

1.5 

4.5 

Input  Voltage  V,H 

4.5 

3.15 

3.15 

3.15 

to 

2 

2 

2 

9 

6.3 

6.3 

6.3 

5.5 

V 

Low-Levet 

2 

0.5 

0.5 

0.5 

4.5 

Input  Voltage  V,L 

4.5 

1.35 

1.35 

1.35 

to 

0.8 

0.8 

0.8 

9 

2.7 

2.7 

2.7 

5.5 

Input  Leakage 

Any 

Current 

Vcc 

Voltage 

(Any  Control)  Iil 

or 

Gnd 

10 

+.0.1 

±1 

±1 

Between 
Vcc  & 
Gnd 

5.5 

±0.1 

±1 

±1 

Off-Switch 

Vcc 

Vcc 

Leakage 

V,L 

or 

10 

±0.1 

±1 

±1 

V,L 

or 

5.5 

±0.1 

±1 

±1 

Current  lz 

Gnd 

Gnd 

"On" 

Vcc 

4.5 

25 

80 

106 

128 

Vcc 

4.5 

25 

80 

106 

128 

Resistance 

Vcc 

or 

6 

20 

75 

94 

113 

Vcc 

or 

lo  =  1  mA 

Gnd 

9 

15 

60 

78 

95 

Gnd 

(Fig.  2)  R„„ 

Vcc 

4.5 

35 

95 

118 

142 

Vcc 

4.5 

35 

95 

118 

142 

Vcc 

to 

6 

24 

84 

105 

126 

Vcc 

to 

n 

Gnd 

9 

16 

70 

88 

105 

Gnd 

"On"  Resistance 

4.5 

1 

4.5 

1 

Between  Any  Two 

Vcc 

6 

0.75 

Vcc 

Switches         A  Ron 

9 

0.5 

Quiescent 

Vcc 

6 

2 

20 

40 

Vcc 

Device 

or 

10 

16 

160 

320 

or 

5.5 

2 

20 

40 

Current  lCc 

Gnd 

Gnd 

Additional 

m 

Quiescent  Device 

4.5 

Current  per 

Vcc-2.1 

to 

100 

360 

450 

490 

Input  Pin: 

5.5 

1  Unit  Load  Alec" 

CD74HCT4066/CD74HCT4066 


*  For  dual-supply  systems  theoretical  worst  case  {Vi 

538   


2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 
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HCT  Input  Loading  Table 


Input 

Unit  Loads  * 

All 



1 

*  Unit  load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  //A  max.  @  25°  C. 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25° C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

c 

PF 

TYPICAL 

UNITS 

HC 

HCT 

Propagation  Delay  Time: 

Switch  In  to  Out 

tpHL 
tpLH 

15 

4 

4 

ns 

Switch  Turn  Off 

tpHZ,  tpLZ 

15 

12 

14 

Switch  Turn  On 

t-PZH,  tp2L 

15 

8 

9 

Power  Dissipation  Capacitance* 

CpD 

25 

38 

PF 

*  Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  package. 

PD  =  Cpd  Vcc2  fi  +  I  (Cl  +  Cs)  Vcc2  fo  where:    fi  =  input  frequency  fo  =  output  frequency 

Cl  =  load  capacitance  Cs  =  switch  capacitance 

Vcc  =  supply  voltage 


SWITCHING  CHAARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  n«) 


25 

>C 

-40°Cto  +85° 

C 

-55°CtO  +125 

■c 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74  HCT 

54HC 

54  HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay  Time  tpLH 

2 

60 

75 

90 

Switch  In  to  Out  tp^ 

4.5 
9 

12 
8 

12 

15 
11 

15 

18 
13 

18 

Switch  Turn  On  Delay  tPZH 

2 

100 

125 

150 

tpZL 

4.5 

20 

24 

25 

30 

30 

36 

ns 

9 

12 

15 

18 

Switch  Turn  Off  Delay 

2 

150 

190 

225 

tpHZ,  tpL2 

4.5 

30 

35 

38 

44 

45 

53 

9 

24 

30 

36 

Input  (Control) 
Capacitance  C' 

10 

10 

10 

10 

10 

10 

PF 

539 
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ANALOG  CHANNEL  CHARACTERISTICS  -  Typical  Values  at  Tc  =  25°  C 


CHARACTERISTIC 

TEST  CONDITIONS 

Vcc 
V 

HC 

HCT 

UNITS 

Switch  Frequency  Response  Bandwidth 
at-3dB         (Fig.  12) 

Fig.  3 

Notes  1  &  2 

4.5 

200 

200 

MHz 

Cross  Talk  Between  Any  Two  Switches 
(Fig.  13) 

Fig.  4 

Notes  2  &  3 

4.5 

-72 

-72 

dB 

Total  Harmonic  Distortion 

1  KHz, 
Fig.  5 

V,s  =  4  Vpp 

4.5 

0.022 

0.023 

% 

V,s  =  8  Vpp 

9 

0.008 

N/A 

Control  to  Switch  Feedthrough 
Noise 

Fig.  6 

4.5 
9 

TBE 
TBE 

TBE 
TBE 

mV 

Switch  "OFF"  Signal  Feedthrough 
(Fig.  13) 

Fig.  7 

Notes  2  &  3 

4.5 

-72 

-72 

dB 

Switch  Input  Capacitance  Cs 

5 

5 

PF 

Notes:  1 .  Adjust  input  level  for  0  dBm  at  output,  f  =  1  MHz. 
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TA=25X 
GND  =  O  V 


2.  Vis  is  centered  at  Vcc/2. 

3.  Adjust  input  for  0  dBm  at  Vis. 


VCC=4.5V,PIN1T02 


VCC=  »V,  PIN  1  TO  3 


vcc 


1  2  3  4    4.5    5  0  7  a  S  1 

INPUTSIGNALVOLTAGE(V|s)-V  9ZCS-39993 

Fig.  2  -  Typical  "ON"  resistance  vs.  input  signal  voltage. 
ANALOG  TEST  CIRCUITS 
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Fig.  4  -  Crosstalk  between  two  switches  test  circuit. 
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Fig.  5  -  Total  harmonic  distortion  test  circuit. 
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Fig.  6  -  Control-to-switch  feedthrough  noise  test  circuit. 
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Fig.  7  -  Switch  oft  signal  feedthrough. 
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Fig.  8  -  Switch  propagation  -  delay  times  waveforms. 


'■  6  ns-»H  r» - 


1 


*PLZ- 

OUTPUT 
LOW  TO  OFF 


'PHZ- 


OUTPUT 
HIGH  TO  OFF 


-  tf  =  6  ns 
|     INPUT  LEVEL 
/=90% 
<—  V» 

-10% 

-*PZL 


^#^--10% 


•PZH 


SWITCH  ON  — 


-SWITCH  OFF- 


-  SWITCH  ON 

92CS-39936 


Fig.  9  -Switch  turn-on  and  turn-off  propagation  delay  times 
waveforms. 
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Fig.  10  -  Switch  on/off  propagation  delay  time  test  circuit. 
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Fig.  11  -  Switch-in  to  switch-out  propagation  delay  time  test  circuit. 
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12  -  Switch  frequency  response,  Vcc  =  4.5  V. 
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Fig.  13  -  Switch-off  signal  feedthrough  and  crosstalk  vs.  frequency, 
Vcc  =  4.5  V. 
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TOP  VIEW 
TERMINAL  ASSIGNMENT 


16-Channel  Analog 
Multiplexer/Demultiplexer 

Type  Features: 

■  Wide  analog  input  voltage  range: 

■  Low  "on"  resistance: 
70Otyp(VCc  =  4.5V) 
60Cltyp(VCc  =  6V) 

■  Fast  switching  and  propagation  speeds 

■  "Break-before-make"  switching:  (6  ns  typ  @  4.5V) 

■  Available  in  both  narrow  and  wide-body  plastic  packages 


The  RCA-CD54/74HC/HCT4067  are  digitally  controlled 
analog  switches  which  utilize  silicon-gate  CMOS  technol- 
ogy to  achieve  operating  speeds  similar  to  LSTTL  with  the 
low  power  consumption  of  standard  CMOS  integrated 
circuits. 

These  analog  multiplexers/demultiplexers  control  analog 
voltages  that  may  vary  across  the  voltage  supply  range. 
They  are  bidirectional  switches  thus  allowing  any  analog 
input  to  be  used  as  an  output  and  visa-versa.  The  switches 
have  low  "on"  resistance  and  low  "off"  leakages.  In  addi- 
tion, these  devices  have  an  enable  control  which  when  high 
will  disable  all  switches  to  their  "off"  state. 

The  CD54HC4067  and  CD54HCT4067  are  supplied  in  24- 
lead  dual-in-line  frit-seal  ceramic  packages  (F  suffix).  The 
CD74HC4067  and  CD74HCT4067  are  supplied  in  24-lead 
dual-in-line,  narrow-body  plastic  packages  (EN  suffix),  in 
24-lead  dual-in-line,  wide-body  plastic  packages  (E  suffix), 
and  in  24-lead  dual-in-line  surface-mount  plastic  packages 
(M  suffix).  Both  types  are  also  available  in  chip  form  (H 
suffix). 


so 
s, 


BINARY 
1  OF  16 
DECODER 
Sn  =  5  STAGES 
E  =  4  STAGES 


14  -OUTPUT  CIRCUITS 

SAME  AS  ABOVE 
(WITH  ANALOG  INPUTS 
I,  TOI14 


T_  COMMON 

INPUT/OUTPUT 


'15  9£CS-399IIRI 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Flange: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

m  Alternate  Source  is  Philips/Signetics 
m  CD54/74HC  Types: 
2to6V  Operation 
High  Noise  Immunity: 
Nil  =  30%,  N,„  =  30%  of  Vcc-  @  fee  =  5V 
m  CD54/74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 

1/il  =  0.8  V  Max.,  Vm  =  2VMin. 
CMOS  Input  Compatibility 
/,  <  ?  pA@  Vou  I/oh 

TRUTH  TABLE 
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Fig.  1  -  Functional  diagram. 


1  =  High  Level 
0  =  Low  Level 
X  -  Don't  Care. 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  Iik  (FOR  V,  < -0.5  V  OR  V,  >  Vcc +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  U  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5V)   ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  *  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  .  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  i  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  T.  = +70  to +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (TA): 

PACKAGE  TYPE  F,  H    -55to+125°C 

PACKAGE  TYPE  E,  M   -40  to +85°  C 

STORAGE  TEMPERATURE  (T.„)   -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA  =  Full  Package-Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,N,  VOUt 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times  t„  t(  (Control  Inputs) 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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CD54/74HC4067 
CD54/74HCT4067 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 


CD74HC/CO54HC4067 


TEST 
CONDITIONS 


LOGIC 

V, 


SWITCH 

V,s 
V 


74HC/54HC 
TYPES 


Min  Typ  Max 


74HC 
TYPE 


-40/ 
+85"  C 


S4HC 
TYPE 


-55/ 
+125" C 


CD74HCT/CD54HCT4067 


CONDITIONS 


LOGIC 
V, 
V 


SWITCH 

V,, 
V 


74HCT/54HCT 
TYPES 


Min  Typ  Max 


74HCT 
TYPE 


54HCT 
TYPE 


-40/ 
+85°  C 


-55/ 
+125° C 


High-Level 

Input  Voltage  V,H 


Low-Level 

Input  Voltage  VIL 


Maximum  "On" 
Resistance  Ron 
lo  -  ImA 


Gnd 


Gnd 


Gnd 


Gnd 


Vcc 
to 
Gnd 


Vcc 

to 
Gnd 


Vcc 
to 
Gnd 


Vcc 
to 
Gnd 


Maximum  "On" 
resistance  between 
any  two  switches  ARon 





Switch  "Off 
Leakage  Current  l!z 
16  Channels 


E  =  Vot 


Logic 

Input  Leakage 
Current  I, 


Device  Current 


lo  =  OmA 


lc, 


Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 


Vcc -2-1 


*For  dual-supply  systems  theoretical  worst  case  {V,  =  2-4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 
"Any  Voltage  Between  V«  &  Gnd. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

So  -  S3 
E 

0.5 
0.3 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  M  max.  @  25°C. 
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SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T*  =  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

(PF) 

HC 

HCT 

Propagation  Delay  Time: 
Switch  In  to  Switch  Out 

tpi  h  itpHL 

15 

6 

6 

Switch  Turn  Off 
E  to  Out 

Wz<VhZ 

15 

23 

23 

ns 

Sn  to  Out 

tp[_Z  ^PHZ 

21 

21 

Switch  Turn  On 
E  to  Out 

15 

23 

25 

Sn  to  Out 

tpZL'*PZH 

25 

25 

Power  Dissipation  Capacitance* 

CpD 

93 

96 

PF 

'Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
PD=  CPDVCC2  fi  +  I  (CL  +  Cs)  Vccz  fo  where:  fj  =  input  frequency  f0  =  output  frequency 

CL  =  load  capacitance        Cs  =  switch  capacitance 

Vcc  =  supply  voltage 

SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


25°  C 

-40°  C  to +85° 

C 

-55°  C  to +125°  C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

V 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay  Time  tPLH 

2 

75 

95 

110 

Switch  In  to  Out  tpHt 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Switch  Turn-On 

2 

275 

345 

415 

Eto  Out 

4.5 

55 

60 

69 

75 

83 

90 

tpZL 

6 

47 

59 

71 

tpZH 

2 

300 

375 

450 

Sn  to  Out 

4.5 

60 

60 

75 

75 

90 

90 

ns 

6 

51 

64 

76 

Switch  Turn-Off 

2 

275 

345 

415 

l"to  Out 

4.5 

55 

55 

69 

69 

83 

83 

tpLZ 

6 

47 

59 

71 

Sn  to  Out  tpHz 

2 

290 

365 

435 

4.5 

58 

58 

73 

73 

87 

87 

6 

49 

62 

74 

Input  (Control) 

Capacitance  ' 

10 

10 

10 

10 

— 

10 

10 

PF 

ANALOG  CHANNEL  CHARACTERISTICS  —  Typical  Values  at  Ta  =  25°  C 


CHARACTERISTICS 

TEST  CONDITION 

Vcc 
V 

HC/HCT 

UNITS 

Switch  Frequency  Response 
at-3dB  (Fig.  12) 

Fig.  3 
Notes  1  &  2 

4.5 

89 

MHz 

Sine  Wave  Distortion 

Fig.  4 

4.5 

0.051 

% 

Feedthrough  Noise: 
E  to  Switch 

Fig.  5 
Notes  2  &  3 

4.5 

TBE 

mV 

S  to  Switch 

TBE 

Switch  "OFF"  Signal  Feedthrough 
(Fig.  13) 

Fig.  6 

4.5 

-75 

dB 

Switch  Input  Capacitance  Cs 

5 

pF 

Common  Capacitance  Ccom 

50 

NOTES:  1.  Adjust  input  level  for  0  dBm  at  output,  f  =  1  kHz. 

2.  Vis  is  centered  at  Vcc/2. 

3.  Adjust  input  for  0  dBm.  at  V,s 


Tar hrvird  r»ata 


140 
120 

« 
I 

—  100 


Ul 

o 


z 

O  20 


TA=25  X 
GND  =  0  V 


^VCC  =  4.5  V 


— !  h- 


J  L 


J  L 


_l_ 


—J 


vcc 


23456789  10 
INPUT  SIGNAL  VOLTAGE  (V|S)  -  V  92CS-39910 
Fig.  2  -  Typical  "ON"  resistance  versus  input  signal  voltage. 

vcc 


vos- 


dB 
METER 


T 


Fig.  3  -  Frequency  response  test  circuit. 

vcc 


eooa 


SWITCH 
ALTERNATING 
ON  AND  OFF 

tr  ,  tf  <  6  ns 
'CONT  =  1  MHz 
50  %  DUTY 
CYCLE 


T 


92CS-39941 

Fig.  5  -  Control-to-switch  feedthrough  noise  test  circuit. 


f|S  =  1  kHz  TO  10  kHz 


Fig.  4  -  Sine  wave  distortion  test  circuit. 


vCc 


VC  =  V|L 


f|S>  1MHz  SINE  WAVE 
R  =  50  il 
C  =  10  pF 


Vcc/Z 


VCC/2 


dB 
METER 


X 


92CM-39840 

Fig.  e  -  Switch  otf  signal  feedthrough  test  circuit. 


tr  =  6  ns  - 
SWITCH  INPUT 


—  tf  =  6  ns 

a 



*PLH 
SWITCH  OUTPUT 


J 


50% 
10% 


•PHL 


Fig.  7  -  Switch  propagation-delay  times  wave  forms. 


6ns— ■ 

E  or  Sn 


Jf  90%"4 
^50%  ?| 


output:low 

TO  OFF 


OUTPUT:  HIGH 
TO  OFF 


10  % 
90% 


1  PZH  "* 


t^50 


-vcc 

-  GND 


'50% 

SWITCH  OFF  SWITCH  ON  - 

92CS-39359 


Fig.  8  -  Switch  turn-on  and  turn-off  propagation 
delay  times  wareforms,  for  HC  types. 
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CD54/74HC4067 
CD54/74HCT4067 


OUTPUTILOW 
TO  OFF 


OUTPUT  :  HIGH 
TO  OFF 


■  SWITCH  ON  SWITCH  OFF  *■■«-  SWITCH  ON  - 

92CS-39360 

Fig.  9  -  Switch  turn-on  and  turn-of!  propagation 
delay  times  waveforms  for  HCT  Types. 


GND  FORtpLZ  ANOtpZL 
VCC  FORtpHZANDtpZH 


}  ."oH^i-f^oo^scc  ™ 

^Cls50  pF 


tpLZ  AND  tpzL 
*PHZ  AND  tpzH 


IN  O 


92CS-399I6RI 

Fig.  10-  Switch  on/oft  propagation  delay  time  test  circuit. 


TB 

•  ( 

)  

=  50pF 

-OOUT 


~  92CS-36835 

Fig.  1 1  -  Switch  In  to  Switch  Out  Propagation 
delay  time  test  circuit. 


2      4  6 
10*  105 


106 

FREQUENCY  (f)  -  Hz 


Fig.  12-  Typical  switch  frequency  response. 


106  10*  108 

FREQUENCY  (I)  -  Hz  92CS-39912 
Fig.  13  -  Typical  switch-off  signal  feed  through  vs.  frequency. 
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CD54/74HC4075 
CD54/74HCT4075 


File  Number  1778 


High-Speed  CMOS  Logic 


92CS-39BI4 

FUNCTIONAL  DIAGRAM 


Triple  3-lnput  OR  Gate 

Type  Features: 
■  Buffered  inputs 

m  Typical  CD54/74HC4075    Propagation  Delay  = 
@  Vcc  =  5V,  CL  =  15pF,  TA  =  25°C 


The  RCA-CD54/74HC4075  and  CD54/74HCT4075  logic 
gates  utilize  silicon-gate  CMOS  technology  to  achieve 
operating  speeds  similar  to  LSTTL  gates  with  the  low 
power  consumption  of  standard  CMOS  integrated  circuits. 
All  devices  have  the  ability  to  drive  10  LSTTL  loads.  The 
CD54/74HCT  logic  family  is  functionally  as  well  as  pin 
compatible  with  the  standard  54LS/74LS  logic  family. 

The  CD54HC4075  and  CD54HCT4075  are  supplied  in  14- 
lead  hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC4075  and  CD74HCT4075  are  supplied  in  14-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  14-lead  dual- 
in-line  surface-mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 

Standard  Outputs  -  -10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  Operating  temperature  range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  propagation  delay  and  transition  times 
m  Significant  power  reduction  compared  to  LSTTL 

logic  ICs 

■  Alternate  source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  noise  immunity:  NIL  =  30%,  N,H  =  30%  of  Vcc; 
@  Vcc  =  5V 
m  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 
Direct  LSTTL  input  logic  compatibility 

V,L  =  0.8  V max.,  Vm  =  2VMin. 
CMOS  input  compatibility 
/i  <  1  /jA  @  Vol,  Voh 


nA  ^Z0- 

"■-t>-aZH>^ 


TRUTH  TABLE 


nA 

nB 

nC 

nY 

L 

L 

L 

L 

H 

X 

X 

H 

X 

H 

X 

H 

X 

X 

H 

H 

92CS-398I2 


L  =  Low  voltage  Level 
H  =  High  voltage  Level 
X  =  Don't  Care 


LOGIC  DIAGRAM 
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CD54/74HC4075 
CD54/74HCT4075 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY -VOLT AGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0-5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  Iik  (FOR  V,< -0.5  V  OR  V>  Vcc +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  V0  <  -0.5  V  OR  V„  >  Vcc  +0.5V)   ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR -0.5  V<  V„<  Vcc  +  0.5V)    +25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  Ta  »  -40  to  +60°C  (PACKAGE  TYPE  E)    500  mW 

For  TA  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  s  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/° C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H    -55to+125°C 

PACKAGE  TYPE  E,  M    -40to+85°C 

STORAGE  TEMPERATURE  (T„g)   -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16+1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

"C 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  tr,  ti 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


14 

 vcc 

^-3C 


TOP  VIEW 

92CS-398I3 

TERMINAL  ASSIGNMENT 


GND 
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Technical  Data  

CD54/74HC4075 
CD54/74HCT4075 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC4075/CDS4HC4075 

CD74HCT4075/CD54HCT4075 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

S4HC 
TYPE 

TEST 
CONDITIONS 

74HCT/S4HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

h 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V,H 

2 

1.5 

- 

- 

1.5 

- 

1.5 

- 

- 

45 

to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

- 

- 

3.15 

- 

3.15 

- 

6 

4.2 

- 

- 

4.2 

- 

4.2 

- 

Low-Level 

Input  Voltage  V,L 

2 

- 

- 

0.5 

- 

0.5 

— 

0.5 

■  - 

4.5 
to 

5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 
Output  Voltage  Von 
CMOS  Loads 

v,u 
or 

v„ 

-0.02 

2 

1.9 

1.9 

1.9 

V,L 

or 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

44 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

TTL  Loads 

v1L 
or 

v,„ 

V,L 

or 

V,H 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  VQ1 
CMOS  Loads 

V,L 

or 
v., 

0.02 

2 

0.1 

0.1 

0  1 

v,t 
or 

V„ 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0  1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,i 
or 

V„ 

v,L 

or 

Vi» 

4.5 

0.26 

0.33 

04 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  1, 

Vcc 

or 
Gnd 

6 

±0.1 

i1 

±1 

Any 
Voltage 
Between 

v« 

&  Grid 

5.5 

±0.1 

±1 

±1 

Quiescent 
Device 

Current  lcc 

Vcc 
or 

Gnd 

0 

6 

2 

20 

40 

Vcc 
or 
Gnd 

5.5 

2 

20 

40 

#* 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 

Vcc-21 

4.5 
to 
5.5 

100 

360 

450 

490 

■For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  INPUT  LOADING  TABLE 


INPUT 

UNIT  LOADS* 

All 

1.6 

"Unit  Load  is  AICc  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 /yA  max.  @25°  C. 
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CD54/74HC4075 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  TA  =  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

(PF) 

HC 

HCT 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  1) 

*PLH>  tpHL 

15 

8 

9 

ns 

Power  Dissipation  Capacitance* 

26 

28 

PF 

;PD  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
d  =  vcc2fi  (cpd  +  cl)  where:  fi  =  input  frequency 
CL  -  load  capacitance 
Vcc  =  supply  voltage 


SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  t„t,  =  6  ns) 


25°  C 

-40°  C  to +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 

tpLH 

2 

100 

125 

150 

Input  to  Output 

tpHL 

4.5 

20 

24 

25 

30 

30 

36 

ns 

{Fig.  1) 

6 

17 

21 

26 

Transition  Times 

tTLH 

2 

75 

95 

110 

(Fig.  1) 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input 

Capacitance 

Cl 

10 

10 

10 

10 

10 

10 

pF 

tr  =  6ns 


nA,  nB,  nC  I 


tpLH 


nY  OUTPUT 


-tf  =  6  ns 


r  -i 

*  90% 

NPUT     /  V  Vs 

__J  A  io% 


HLh-  

/  =r=\\  90  % 

—f-  

—j     —  —     L— tTHL 


92CS-398M 


INPUT 
LEVEL 


GND 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  1  -  Transition  times  and  propagation  delay  times. 


High-Speed  CMOS  Logic 


8-Stage  Shift-and-Store 
Bus 


Type  Features: 

■  Buffered  inputs 

■  Separate  serial  outputs  synchronous  to  both  positive  and  negative 
clock  edges  for  cascading. 


FUNCTIONAL  DIAGRAM 


The  RCA-CD54/74HC4094  and  CD54/74HCT4094  are  8- 
stage  serial  shift  registers  having  a  storage  latch  associated 
with  each  stage  for  strobing  data  from  the  serial  input  to 
parallel  buffered  3-state  outputs.  The  parallel  outputs  may 
be  connected  directly  to  common  bus  lines.  Data  is  shifted 
on  positive  clock  transitions.  The  data  in  each  shift  register 
stage  is  transferred  to  the  storage  register  when  the  Strobe 
input  is  high.  Data  in  the  storage  register  appears  at  the 
outputs  whenever  the  Output-Enable  signal  is  high. 
Two  serial  outputs  are  available  for  cascading  a  number  of 
these  devices.  Data  is  available  at  the  QS1  serial  output 
terminal  on  positive  clock  edges  to  allow  for  high-speed 
operation  in  cascaded  systems  in  which  the  clock  rise  time 
is  fast.  The  same  serial  information,  available  at  the  QS2 
terminal  on  the  next  negative  clock  edge,  provides  a  means 
for  cascading  these  devices  when  the  clock  rise  time  is 
slow. 

The  CD54HC4094  and  CD54HCT4094  are  supplied  in  16- 
lead  hermetic  dual-in-line  ceramic  packages  (F  suffix).  The 
CD74HC4094  and  CD74HCT4094  are  supplied  in  16-lead 
dual-in-line  plastic  packages  (E  suffix)  and  in  16-lead  dual- 
in-line  surface-mount  plastic  packages  (M  suffix).  Both 
types  are  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 
2to6V  Operation 

High  Noise  Immunity:  Nil  =  30%,  NIH  =  30%  of  VCc, 
@Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 
VIL  =  0.8  V  Max.,  V,h  =  2  V  Min. 
CMOS  Input  Compatibility 
/,,  <  1  (JA  @  Vol,  Voh 


VCC 


S2CS-  3M4J 

TERMINAL  ASSIGNMENT 


552 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0,5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  I ,K  (FOR  V,  <-0.5  V  OR  V,  >  Vcc  +  0.5  V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  lOK  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l0)  (FOR  -0.5  V  <  Vo  <  Vcc  +  0.5  V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  T«  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -55  to  +100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T,  =  +100  to  +125-C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  T.  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T„): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°C 

STORAGE  TEMPERATURE  (T,„)  -65  to  +1 50°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  1  +300°C 


datao-[>£>~{>^  a" 


40  SO  SO  TO  140  '30  120  HQ 


OO  01 


05  Q6  07 

9ZCL-39846 


Fig.  1  -  Logic  diagram. 


Technical  Data 


CD54/74HC4094 
CD54/74HCT4094 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


LIMITS 

CHARACTERISTIC 

MIN. 

MAX. 

UNITS 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  VCc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  Ta: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times  tr,  t( 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


FUNCTION  TABLE 


PARALLEL 

SERIAL 

INPUTS 

OUTPUTS 

OUTPUTS 

CP 

OE 

STR 

D 

Q0 

On 

QS1* 

QS2 

L 

X 

X 

Z 

Z 

Q'6 

NC 

L 

X 

X 

z 

z 

NC 

Q7 

H 

L 

X 

NC 

NC 

Q'6 

NC 

H 

H 

L 

L 

Qn-1 

Q'6 

NC 

H 

H 

H 

H 

Qn-1 

Q'6 

NC 

H 

H 

H 

NC 

NC 

NC 

Q7 

H  =  HIGH  voltage  level 

L  =  LOW  voltage  level 

X  =  don't  care 

NC  =  No  Change 

Z  =  HIGH  impedance  OFF-state 

_/"  =  LOW-to-HIGH  CP  transition 

~V_  =  HIGH-to-LOW  CP  transition 

Q'6  =  the  information  in  the  seventh  register  stage 

"At  the  positive  clock  edge  the  information  in  the  7th  register  stage  is  transferred  to  the  8th  register 
stage  and  QS1  output. 


Technical  Data 


CD54/74HC4094 
CD54/74HCT4094 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC4094/CD54HC4094 

CD74HCT4094/CD54HCT4094 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPE 

54HCT 
TYPE 

-40/ 

-55/ 

-40/ 

-55/ 

Vi 
V 

lo 
itiA 

Vcc 
V 

+25°C 

+85°C 

+125,,C 

Vi 
V 

Vcc 
V 

+25°C 

+85°C 

+125°C 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  Vm 

2 

1.5 

1.5 

1.5 

- 

4.5 
to 

5.5 

2 

2 

2 

\j 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  Vil 

2 

0.5 

0.5 

0.5 

4.5 
to 

5.5 

0.8 

0.8 

0.8 

4.5 

1.35 

1.35 

1.35 

6 

- 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

vv 

or 

-0.02 

2 

1.9 

1.9 

1.9 

Vil 
or 
V,„ 

4.5 

4.4 

4.4 

4.4 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

- 

- 

5.9 

- 

5.9 

- 

TTL  Loads 

VV 
or 
V,„ 

Vil 
or 

V,„  - 

4.5 

3.98 

3.84 

3.7 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Vil 
or 

VlH 

0.02 

2 

0  1 

0.1 

0.1 

Vil 

or 

V,H 

4.5 

0.1 

0.1 

0.1 

4.5 

0.1 

0.1 

0.1 

6 

0  1 

0.1 

0.1 

l  l  L  Loads 

V,L 
or 
V,„ 

Vil 

or 

VlH 

4.5 

0.26 

0.33 

0.4 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 
Current  li 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 

Vcc 

and 

Gnd 

5.5 

±0.1 

±1 

±1 

/TA 

Quiescent 
Device 

Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

S 

80 

160 

„A 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec" 

Vcc -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

^A 

3-State 
Leakage 

Current  loz 

Vil 

or 

V,H 

Vo=Vcc 
or 
Gnd 

6 

±0.5 

±5 

±10 

V,L 

or 
V,„ 

5.5 

±0.5 

±5 

±10 

«A 

*  For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

D 

0.40 

CP,  OE 

1.50 

STR 

1.0 

*Unit  load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  /jA  max.  @  25°C. 


SWITCHING  CHARACTERISTICS  (VCc=5  V,  TA=25°C,  Input  t„  t,=6  ns) 


a 

TYPICAL 

CHARACTERISTIC 

SYMBOL 

(PF) 

HC 

HCT 

UNITS 

Propagation  Delay 
CP  to  Qn 

tpLH 
tpHL 

15 

i  □ 

1ft 
1  o 

CP  to  QS1 

12 

16 

CP  to  QS2 

11 

15 

ns 

Output  Enabling  Time 

tpZH 
tpZL 

14 

14 

Output  Disabling  Time 

tpLZ 

10 

14 

Max.  CP  Frequency 

f  MAX 

60 

60 

MHz 

Power  Dissipation  Capacitance* 

CpD 

90 

110 

PF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  register. 
PD=Cpd  Vcc2  fi  +  I  (CL  Vcc2  to)  where: 
fi=input  frequency         CL=output  load  capacitance 
f„=output  frequency       VCc=supply  voltage 


SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

150 

190 

225 

tpHL 

4.5 

30 

39 

38 

49 

45 

59 

ns 

CP  to  QS1 

6 

26 

33 

38 

2 

135 

170 

205 

4.5 

27 

36 

34 

45 

41 

54 

ns 

CP  to  QS2 

6 

23 

29 

35 

2 

195 

245 

295 

4.5 

39 

43 

49 

54 

59 

65 

ns 

CP  to  Qn 

6 

33 

42 

50 

2 

180 

225 

270 

4.5 

36 

39 

45 

49 

54 

59 

ns 

STR  to  Qn 

6 

31 

38 

46 

Output  Enable 

tpZH 

2 

175 

220 

265 

to  Qn 

tpZL 

4.5 

35 

35 

44 

44 

53 

53 

ns 

6 

30 

37 

45 

Output  Disable 

tpHZ 

2 

125 

155 

190 

to  Qn 

tpLZ 

4.5 

25 

35 

31 

44 

38 

53 

ns 

6 

21 

26 

32 

Output  Transition 

tTHL 

2 

75 

95 

110 

Time 

tTLH 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

3-State  Output 

Capacitance 

Co 

15 

15 

15 

15 

15 

15 

pF 

556 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 





25 

'C 

-55°C  to 

+  125 

°C 

CHARACTERISTIC 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

2 

BO 







100 







120 







CP  Pulse  Width 

tw 

4.5 

16 

— 

16 

— 

20 

— 

20 

— 

24 

— 

24 

— 

ns 

6 

14 

— 

— 

— 

17 

— 

— 

20 

— 

— 

— 

2 

80 

100 

120 

— 

— 

STR  Pulse  Width 

twH 

4.5 

16 

— 

16 

- 

20 

- 

20 

24 

— 

24 

ns 

6 

14 

17 

20 

2 

50 







65 







75 







Data  Setup  Time 

tSU 

4.5 

10 

— 

10 

— 

13 

— 

13 

— 

15 

— 

15 

— 

ns 

6 

9 

— 



— 

11 

_ 

— 

— 

13 

— 

— 

— 

Data  Hold  Time 

t« 

2 

4.5 
6 

3 
3 
3 

— 

4 

— 

3 
3 
3 

- 

4 

— 

3 
3 
3 

— 

4 

— 

ns 

2 

100 

125 

150 

STR  Setup  Time 

tsu 

4.5 

20 



20 



25 



25 



30 



30 



ns 

6 

17 

— 

— 

— 

21 

— 

— 

— 

26 

— 

— 

STR  Hold  Time 

tH 

2 

4.5 
6 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

ns 

Max.  CP 

2 

6 

5 

4 

Frequency 

fcLImax.) 

4.5 

30 

30 

24 

24 

20 

20 

MHz 

6 

35 

28 

24 

CLOCK  INPUT  (CP) 


_TiJiJiJiJirm_rTJiJiJT_nxL^^ 


L  OUTPUT  OS2 


92CL- 39858 


Fig.  2  —  Timing  Diagram 
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CD54/74HC4094 
CD54/74HCT4094 
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Fig.  3  -  Data  propagation  delays,  setup  and  hold  times. 
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Technical  Data 


CD54/74HC4510,  CD54/74HCT4510 
CD54/74HC4516,  CD54/74HCT4516 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM 


Presettable  Synchronous  4-Bit 
Up/Down  Counters 

CD54/74HC/HCT4510  BCD  Decade  Counter, 

Asynchronous  Reset 
CD54/74HC/HCT4516  4-Bit  Binary  Counter, 

Asynchronous  Reset 
Type  Features: 

■  Synchronous  counting  and  asynchronous  loading 

■  Look-ahead  carry  for  high-speed  counting 


The  RCA  CD54/74HC/HCT4510  presettable  BCD  up/down 
counter  and  the  CD54/74HC/HCT4516  presettable  binary 
up/down  counter  consist  of  four  synchronously  clocked 
D-type  flip-flops  (with  a  gating  structure  to  provide  T-type 
flip-flop  capability)  connected  as  counters.  These  counters 
can  be  cleared  by  a  high  level  on  the  Master  Reset  line,  and 
can  be  preset  to  any  binary  number  present  on  the  preset 
inputs  by  a  high  level  on  the  Preset  Enable  line.  The  4510 
will  count  out  of  non-BCD  counter  states  in  a  maximum  of 
two  clock  pulses  in  the  up  mode,  and  a  maximum  of  four 
clock  pulses  in  the  down  mode. 

If  the  Carry-I  n  input  is  held  low,  the  counter  advances  up  or 
down  on  each  positive-going  clock  transition.  Synchronous 
cascading  is  accomplished  by  connecting  all  clock  inputs 
in  parallel  and  connecting  the  Carry-Out  of  a  less  significant 
stage  to  the  Carry-In  of  a  more  significant  stage. 

The  4510  and  4516  can  be  cascaded  in  the  ripple  mode  by 
connecting  the  Carry-Out  to  the  clock  of  the  next  stage.  If 
the  Up/Down  input  changes  during  a  terminal  count,  the 
Carry-Out  must  be  gated  with  the  clock,  and  the  Up/Down 
input  must  change  while  the  clock  is  high.  This  method 
provides  a  clean  clock  signal  to  the  subsequent  counting 
stage.  (See  Fig.  5.) 

The  CD54HC/HCT4510  and  the  CD54HC/HCT4516  are 
supplied  in  16-lead  ceramic  dual-in-line  frit-seal  packages 
(F  suffix).  The  CD74HC/HCT4510  and  the  CD74HC/HCT- 
4516  are  supplied  in  16-lead  dual-in-line  plastic  packages 
(E  suffix)  and  in  16-lead  dual-in-line  surface-mount  plastic 
packages  (M  suffix).  Both  types  are  also  available  in  chip 
form  (H  suffix). 


Family  Features: 

■  Fanout  {over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HC  T:  -40  to  +85"  C 

■  Balanced  propagation  delay  and  transition  times 
m  Significant  power  reduction  compared  to  LSTTL 

logic  ICs 

m  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2to6V  operation 

High  noise  immunity: 

NIL=30%,  Nm=30%  of  fee/  @  VCc=5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

VIL=0.8  V  max.,  Vm=2  V  min. 
CMOS  input  compatibility 

/,<7  uA  @  Vol,  Won 


PRESET 
ENABLE " 
03- 

P3- 
PO- 


CARRY  IN- 
QO- 

CARRY  OUT  - 
GND- 


9ZCS-4004O 


TERMINAL  ASSIGNMENT 
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Fig.  1  -  Logic  diagram  for  HC/HCT4510. 


TRUTH  TABLE 


CL 

cT 
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PE 

MR 
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X 

H 

X 

L 

L 
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-T 

L 

H 

L 

L 

COUNT  UP 

-T 

L 

L 

L 

L 

COUNT  DOWN 

X 

X 

X 

H 

L 

PRESET 

X 

X 

X 

X 

H 

RESET 

X  =  Don't  Care      H  =  High  Voltage  Level 
L  =  Low  Voltage  Level 


Fig.  3  ■  Logic  diagram  of  flip-flops  lor  HC/HCT4510/4516. 
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Technical  Data 


CD54/74HC4510,  CD54/74HCT4510 
CD54/74HC4516,  CD54/74HCT4516 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0-5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  t*  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  U  (FOR  V„  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (I.)  (FOR  -0.5  V  <  V„  <  Vcc  +0  5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  T»  =  -40  to  +60°C  (PACKAGE  TYPE  E)  500  mW 

For  T,  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

ForT,  =  -55  to  +100°C  (PACKAGE  TYPE  F.H)  500  mW 

For  Ta  =  +100  to  +125-C  (PACKAGE  TYPE  F.H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/'C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.): 

PACKAGE  TYPE  F,H   -55to+125°C 

PACKAGE  TYPE  E.M  -40  to  +85° C 

STORAGE  TEMPERATURE  (T,w)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1 .59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be 

the  following  ranges: 


selected  so  that  operation  is  always  within 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature,  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times,  t„ti: 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data 


CD54/74HC4510,  CD54/74HCT4510 
CD54/74HC4516,  CD54/74HCT4516 

STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC4510/451S/CDS4HC4510/4516 

CD74HCT4510/451S/CDS4HCT4510/4516 

UNITS 

TEST 
CONDITIONS 

74HC/S4HC 
TYPES 

74HC 
TYPES 

S4HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

to 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  V,M 

2 

1.5 

1.5 

1.5 

4.5 
to 

5.5 

2 

2 

2 

V 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  V,L 

2 

- 

0.5 

0.5 

0.5 

4.5 
to 

5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1  8 

High-Level 

Output  Voltage  V<,„ 
CMOS  Loads 

V,L 
or 

V,H 

-0.02 

2 

1.9 

1.9 

1.9 

V,L 

or 

V,H 

4.5 

4.4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

4.4 

4.4 

6 

5  9 

5.9 

59 

TTL  Loads 

V|L 

or 

V,M 

V,t 
or 
V,„ 

4.5 

3.98 

3.84 

3.7 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 

or 
V,„ 

0.02 

2 

0.1 

0.1 

0.1 

V,t 
or 
V,„ 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0  1 

0.1 

6 

0.1 

0  1 

0.1 

TTL  Loads 

v,L 
or 
V,„ 

V,L 

or 
V,M 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 

Current  li 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

M 

Quiescent 

Device  Current  Ice 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

//A 

Additional 

Quiescent  Oevice 

Current  per  input 

pin:  1  unit  load  Alec* 

Vcc  -21 

4.5 
to 

5.5 

100 

360 

450 

490 

„A 

I 


•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  VCe  ■  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

P0-P3 

0.75 

MR 

1.5 

U/D,  PE,  C7 

1 

CP 

1.25 

•Unit  Load  is  AICc  limit  specified  in  Static  Characteristics 
Chart,  e.g..  360  //A  max.  @  25°  C. 
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Technical  Data 


CD54/74HC4510,  CD54/74HCT4510 
CD54/74HC4516,  CD54/74HCT4516 


SWITCHING  CHARACTERISTICS  (VCc=5  V,  Ta=25°C,  Input  t„t,=6  ns) 


TYPICAL  VALUES 

CHARACTERISTIC 

Cl (pF) 

4510 

4516 

UNITS 

HC 

HCT 

HC 

HCT 

Propagation  Delay: 
CP  to  Qn 

tpLHi  tpHL 

15 

18 

21 

18 

21 

CP  to  CO 

tpLHi  tpHL 

15 

22 

24 

22 

24 

PE  to  Qn 

tpLHi  tPHL 

15 

21 

22 

21 

22 

ns 

PEto  CO 

tPLHi  tpHL 

15 

25 

28 

25 

28 

MR  to  Qn 

tPHL 

15 

18 

18 

18 

18 

MR  to  CO 

tPLH 

15 

20 

20 

20 

20 

CltoCO" 

tpLHi  tpHL 

15 

10 

13 

10 

13 

Power  Dissipation  Capacitance 

CpD* 

59 

65 

68 

72 

pF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Po  =  Cpd  Vcc2  fi  +  Z  (Cl  VCc2  fo)  where  fi  =  input  frequency 

f„  =  output  frequency 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage. 


PRE  REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25°  C 

-40°  C  to  +85°  C 

-55°Cto  +125°C 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74  HCT 

54HC 

54HCT 

UNITS 

Vcc  (V) 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Pulse  Width: 
CP 

tw 

2 

4.5 
6 

80 
16 
14 

16 

100 
20 
17 

20 

120 
24 
20 

24 

MR 

tw 

2 

4.5 
6 

100 
20 
17 

20 

125 
25 
21 

25 

150 
30 
26 

30 

PE 

tw 

2 

4.5 
6 

80 
16 
14 

16 

100 
20 
17 

20 

120 
24 
20 

24 

Setup  Time, 
Pn  to  PE, 
CTto  CP 

tsu 

2 
4.5 
6 

100 
20 
17 

20 

125 
25 
21 

25 

150 
30 
26 

30 

ns 

Hold  Time, 
Pn  to  PE 

tH 

2 

4.5 
6 

3 
3 
3 

3 

3 
3 
3 

3 

3 
3 
3 

3 

CTto  CP 

tH 

2 
4.5 
6 

5 
5 
5 

5 

5 
5 
5 

5 

5 
5 
5 

5 

U/D  to  CP 

tH 

2 
4.5 
6 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

Removal  Time: 
MR  to  CP 

tp.EM 

2 

4.5 
6 

80 
16 
14 

16 

100 
20 
17 

20 

120 
24 
20 

24 

Maximum  Frequency 
CP 

fMAX 

2 

4.5 
6 

6 
30 
35 

30 

5 

24 
28 

24 

4 
20 
24 

20 

MHz 

564 


LIMITS 

Vcc 

t\i\ 

25 

>C 

-40°  C  to +85°  C 

-55°  C  to  +125 

°c 

CHARACTERISTIC 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

lvJ 

Mln. 

Max. 

Min. 

Max 

Mln. 

Max. 

Mln. 

Max 

Min. 

Max. 

Mln. 

Max. 

Propagation  Delay: 

tpLH 

2 



220 







275 







330 

— 



CP  to  Qn 

tpHL 

4.5 



44 



50 

- 

55 



63 



66 



75 

6 



37 







47 







56 





tpLH 

2 



260 







325 







390 





CP  to  CO 

tpHL 

4.5 



52 



58 



65 



73 



78 



87 

6 



44 



— 

— 

55 



— 



66 



— 

tpLH 

2 



250 

— 

— 



315 



— 

375 

— 

— 

PE  to  Qn 

tpHL 

4.5 



50 



53 



63 



66 



75 



80 

6 

43 







54 







64 





tpLH 

2 



300 







375 







450 





PE  to  CO 

tpHL 

4.5 



60 



68 



75 



85 



90 



102 

6 



51 







64 







76 





ns 

2 



210 







265 







315 





MR  toQn 

tpHL 

4.5 

— 

42 

— 

42 

— 

53 

— 

53 

— 

63 

— 

63 

6 

36 

45 

54 

2 



235 

_ 





295 







355 





MR  to  CO 

tpLH 

4.5 



47 



47 



59 



59 



71 



71 

6 



40 







50 







60 





tpLH 

2 

— 

125 

— 

— 

155 

— 

190 



— 

cTtoco 

tpHL 

4.5 
6 

25 

31 

31 
26 

39 

38 
32 

47 

Transition  Time: 

tTHL 

2 

75 

95 

110 

On,  CO 

tTLH 

4.5 

15 

15 

19 

19 

22 

22 

6 

13 

16 

19 

Input  Capacitance 

Cl 

10 

10 

10 

10 

10 

10 

PF 

I 
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"*  "luioi  

kVs  7 

f——  INPUT 

*PHL  "*  *~ 

'  PLH  1*- 

(a)  Clock  to  output  delays  and  clock  pulse  width. 


CO 


■  'PHL 


■INPUT  LEVEL 


-'PLH 


9ZCM-40080 

(b)  Clock  to  carry  out  delays. 


INPUT  LEVEL 


-LvS    jr"s  7Lvs  -frvs 


'PLH 


-  INPUT  LEVEL 


*PHL 


iF1      jtvs  -F~ 


(c)  Preset  Enable  pulse  width  and  Preset  Enable  to  output  delays. 


■  INPUT  LEVEL 


"'REM 


INPUT  1 


(d)  Master  reset  pulse  width,  master  reset  to  output 
delay  and  master  reset  to  clock  removal  time. 


-<H 


■  INPUT  LEVEL 


Vvs 


INPUT  LEVEL 


°"   1  P~7rW 


"mi 


Q  ,p 


92CM-400BI 

(e)  Setup  and  hold  times  data  to  Preset  Enable  (PE). 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  4  -  AC  waveforms. 
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.  Technical  Data 


CD54/74HC4510,  CD54/74HCT4510 
CD54/74HC4516,  CD54/74HCT4516 


CARRY  IN 
UP/DOWN 


MASTER  RESET 
PE 

PO 

PI 


P2 
P3 
QO 
01 
02 
03 

CARRY  OUT 


COUNT 


J 

1. 

1 

"I 

i — i 
1 

0 

1 

2 

3 

4 

5 

6 

7 

8 

u 

9 

8 

7 

6 

5 

4 

3 

2 

t 

0 

U 

0 

9 

6 

7 

0 

92CM-40I08 


Fig.  5  -  Timing  diagram  lor  CD54/74HC/HCT4510. 


CLOCK 
CARRY  IN 
UP/ DOWN 
MASTER  RESET 
PE 
PO 
P1 


k 

V 

1 

-I 

n 

- 

L 

L 

L 



IS 

s 

6 

7 

8 

9 

10 

II 

12 

13 

14 

9 

8 

7 

6 

3 

4 

3 

2 

1 

J 

0 

u 

0 

IS 

92CM-40I09 


Fig.  6  -  Timing  diagram  for  CD54/74HC/HCT4516. 
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Technical  Data 


CD54/74HC4510,  CD54/74HCT4510 
CD54/74HC4516,  CD54/74HCT4516 


UP/OOWN  >- 


PRESET  ENABLE  >- 


^-C  CI 


MASTER  RESET  >- 


U/D  PE  PO  PI  P2  P3 

4510/16     CO.  3- 


MR   CL  00  01  02  03 


Nil 


U/D  PE  PO  PI  P2  P3 
-Cjci         4510/16  CO.fo- 
MR    CL  00  01  02  03 


HIT 


lilt 


U/D  PE  PO  P1  P2  P3 
-O  CI         4510/16  CO. 
MR  CL  00  01  02  03 


*  CARRY  OUT  LINES  AT  THE  2ND,  3RD,  ETC  .  STAGES  MAY  HAVE  A  NEGATIVE-GOING 
GLITCH  PULSE  RESULTING  FROM  DIFFERENTIAL  DELAYS  OF  DIFFERENT  4510/16  IC  S 
THESE  NEGATIVE-GOING  GLITCHES  DO  NOT  AFFECT  PROPER  4510/16  OPERATION 
HOWEVER.  IF  THE  CARRY  OUT  SIGNALS  ARE  USED  TO' TRIGGER  OTHER  EDGE- 
SENSITIVE  LOGIC  DEVICES.  SUCH  AS  FF'S  OR  COUNTERS.  THE  CARRY  OUT  SIGNALS 
SHOULD  BE  GATED  WITH  THE  CLOCK  SIGNAL  USING  A  2-INPUT  OR  GATE  SUCH  AS 
HC/HCT02. 


(a)  Parallel  clocking. 


UP/DOWN  >- 


PRESET  ENABLE  >- 


mi 


U/D  PE  PO  PI  P2  P3 
CI  4510/16  CO. 
R      CL  00  01  02  03 


MASTER  RESET  >- 


TTTT 


j-C  ci 


1111 


U/D    PE  PO  PI   P2  P3 


4510/16  COPl 
R     CL  00  01  02  03 


TTTT 


1111 


jC  ci 

o 


U/D  PE  PO  PI   P2  P3 
4510/16  CO. 


R     CL  00  01  02  03 


TTTT 


RIPPLE  CLOCKING  MOOE: 

THE  UP/ DOWN  CONTROL  CAN  BE  CHANGED  AT  ANY  COUNT  THE  ONLY  RESTRICTION  ON 
CHANGING  THE  UP/DOWN  CONTROL  IS  THAT  THE  CLOCK  INPUT  TO  THE  FIRST  COUNTING 
STAGE  MUST  8E  •'HIGH" 

FOR  CASCADING  COUNTERS  OPERATING  IN  A  FIXED  UP-COUNT  OR  DOWN-COUNT 
MODE.  THE  OR  GATES  ARE  NOT  REQUIRED  BETWEEN  STAGES.  AND  CO  IS  CONNECTED 
DIRECTLY  TO  THE  CL  INPUT  OF  THE  NEXT  STAGE  WITH  ClGROUNDED 


92CL-40095 


(b)  Ripple  clocking. 
Fig.  7  -  Cascading  counter  packages. 


COUNT  UP 
ILLEGAL  STATES  IN  BCD 


COUNT  DOWN 
NOTE:  ILLEGAL  STATES  IN  BCD  COUNTERS 

E  OR  TWO  COUNTS. 

92CM-4049I 


Fig.  8  -  HC/HCT4510  State  Diagrams. 


568  , 


Technical  Data 


File  Number  1786 


CD54/74HC4511 
CD54/74HCT4511 


High-Speed  CMOS  Logic 


BCD 
INPUTS 


7 
1 

°'"H 


ft 


v0D.is 


ra 


7-SEGMENT 
OUTPUTS 


3 


FUNCTIONAL  DIAGRAM 


BCD-to-7  Segment  Latch/ 
Decoder/Drivers 


0l?3H5blB1 


Type  Features:  «es-*5o87 

■  High-output  sourcing  capability-7.5  mA  @  4.5  V, 
10mA@6V  (HC4511) 

■  Input  latches  tor  BCD  code  storage 

■  Lamp  test  and  blanking  capability 


The  RCA  CD54/74HC4511  and  CD54/74HCT451 1  are 
BCD-to-7  segment  latch/decoder/drivers  having  four 
address  inputs  (Do-D3),  active  "Low"  blanking  and  lamp  test 
inputs,  and  a  latch  enable  input  which,  when  "High", 
enables  the  latches  to  store  the  BCD  inputs.  When  Latch 
Enable  is  "Low",  the  latches  are  disabled,  making  the 
outputs  transparent  to  the  BCD  inputs. 

These  devices  have  standard-size  output  transistors  but  are 
capable  of  sourcing  (at  standard  Voh  levels)  up  to  7.5  mA  at 
4.5  V.  The  HC  types  can  supply  up  to  10  mA  at  6  V. 

The  CD54HC/HCT4511  are  supplied  in  16-lead  ceramic 
dual-in-line  packages  (F  suffix).  The  CD74HC/HCT4511 
are  supplied  in  16-lead  dual-in-line  plastic  packages  (E 
suffix)  and  in  16-lead  dual-in-line  surface-mount  plastic 
packages  (M  suffix).  Both  types  are  also  available  in  chip 
form  (H  suffix). 

TRUTH  TABLE 


LE 

Bl 

LT 

n3  D2  D1  D0 

a 

b 

c 

d 

e 

I 

9 

Display 

X 

X 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

8 

X 

L 

H 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

0 

L 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

1 

L 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

2 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

3 

L 

H 

H 

L 

H 

L 

L 

L 

H 

H 

L 

L 

H 

H 

4 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

5 

L 

H 

H 

L 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

6 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

7 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

8 

L 

H 

H 

H 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

9 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

-L 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

H 

H 

X 

X 

X 

X 

X  =  Don't  Care. 

■Depends  on  BCD  code  previously  appied  when  LE  -  L. 

Note:  Display  is  blank  lor  all  illegal  input  codes  (BCD  >  HLLH). 


Family  Features: 

■  Fanout  {over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  propagation  delay  and  transition  times 

■  Significant  power  reduction  compared  to  LSTTL 
logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2to6V  operation 

High  noise  immunity: 

A/,L=30%,  Nm=30%  of  Vcc:  @  Vcc=5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

VtL=0.8  V  max.,  Vm=2  V  min. 
CMOS  input  compatibility 

/,<;  f*A  @  Vol,  Voh 


INPUTS  }  Dj- 


BCO     J  ■»  

INPUTS)  0o  


T-SEGMENT 
i OUTPUTS 


»2C8-3»e»7 


TERMINAL  ASSIGNMENT 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE,  (VCc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l>«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Ion  (FOR  V„  <  -0.5  V  OR  V,,  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  Ta  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  TA  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T«  =  -55  to  +1 00°  C  (PACKAGE  TYPE  F,H)   500  mW 

For  T.  =  +100  to  +125°C  (PACKAGE  TYPE  F,H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  «  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F.H   -55  to  +125°C 

PACKAGE  TYPE  E  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T„0)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/1 6  ±  1/32  in.  (1 .59  ±  0.79  mm)  from  case  for  1 0  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°C 


Fig.  1  -  Logic  diagram. 


STATIC  ELECTRICAL  CHARACTERISTICS 


 1 

CD74HC451 1/CD54HC451 1 

 1 

CD74HCT451 1  /CD54HCT451 1 

TEST 

74HC/54HC 

74HC 

54HC 

TEST 

74HCT/54HCT 

74HCT 

S4HCT 

CONDITIONS 

TYPES 

TYPES 

TYPES 

CONDITIONS 

TYPES 

TYPES 

TYPES 

UNITS 

CHARACTERISTIC 

Vi 

lo 

Vcc 

+25°  C 

-40/ 
♦85°  C 

-55/ 
+125°C 

V, 

Vcc 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125° C 

V 

mA 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

V 

V 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High- Level 

2 

1.5 

— 

- 

1.5 

- 

15 

- 

4.5 

Input  Voltage 

V.H 

4.5 

3.15 

- 

- 

3.15 

- 

3.15 

- 

- 

to 

2 

— 

- 

2 

- 

2 

- 

V 

6 

4.2 

— 

- 

4.2 

- 

4.2 

- 

5.5 

Low- Level 

2 

- 

- 

0  5 

- 

0.5 

- 

0.5 

4.5 

Input  Voltage 

VlL 

4.5 

- 

1.35 

- 

1.35 

- 

1.35 

- 

to 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

6 

1.8 

1.8 

1.8 

5.5 

High-Level 

V,L 

2 

19 

- 

- 

1.9 

1.9 

V,L 

Output  Voltage 

VOH 

or 

-0.02 

4.5 

4.4 

- 

4.4 

4.4 

or 

4.5 

4.4 

- 

4.4 

4.4 

V 

CMOS  Loads 

V|H 

6 

5.9 

— 

5.9 

— 

59 

— 

V|„ 

TTL  Loads 

V,L 

Vic 

Non-Standard 

or 

-7.5 

4.5 

3.98 

3.84 

3.7 

or 

4.5 

3.98 

3.84 

3.7 

V 

Output 

V,„ 

-10 

6 

5.48 

- 

5.34 

5.2 

V,„ 

Low-Level 

V,L 

2 

0  1 

0.1 

0.1 

VIL 

Output  Voltage 

Vol 

or 

0.02 

4.5 

0.1 

0.1 

0.1 

or 

4.5 

- 

- 

0.1 

- 

0.1 

- 

0  1 

V 

CMOS  Loads 

V,« 

6 

0.1 

0.1 

0.1 

Wh 

V,L 

V,L 

TTL  Loads 

or 

4 

4.5 

0  26 

0.33 

0.4 

or 

4.5 

0.26 

0.33 

0.4 

V 

Standard  Output 

Vim 

5.2 

6 

0.26 

0.33 

0.4 

Vi„ 

Input  Leakage 

Vcc 
or 
Grid 

Any 

Current 

I. 

6 

±0.1 

±1 

±1 

Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

tiA 

Quiescent 

Vcc 

Vcc 

Device  Current 

■cc 

or 
Gnd 

0 

6 

8 

80 

160 

or 
Gnd 

5.5 

8 

80 

160 

0A 

Additional 
Quiescent  Device 
Current  per  input 
pin:  1  unit  load 

Alec" 

Vcc -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

■ 


•For  dual-supply  systems  theoretical  worst  case  (Vi  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1.8  mA 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

IT,  LE 
Bl,  Dn 

1.5 

0.3 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  /jA  max  @  25°  C 
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Technical  Data  

CD54/74HC4511 
CD54/74HCT4511 

RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature,  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times,  t,,tr: 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


SWITCHING  CHARACTERISTICS  (VCc=5  V,  TA=25°C,  Input  t„t,=6  ns) 


TYPICAL  VALUES 

CHARACTERISTIC 

Cl  (pF) 

HC 

HCT 

UNITS 

Propagation  Delay: 
D„  to  Output 

tpLH 
tpHL 

15 

25 

25 

LE  to  Output 

tpLH 
tPHL 

15 

23 

23 

ns 

BT  to  Output 

tpLH 
tPHL 

15 

18 

18 

LT  to  Output 

tpLH 
tPHL 

15 

13 

13 

Power  Dissipation  Capacitance* 

Cpd 

114 

110 

pF 

*Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Pd  =  Cpd  Vcc2  fi  +  I  Cl  Vcc2  fo  where  fi  =  input  frequency 

fo  =  output  frequency 
Cl  =  output  load  capacitance 
Vcc  -  supply  voltage. 


PRE  REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25°  C 

-40°Cto  +85°  C 

-55°  C  to  +125 

'C 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Vcc  (V) 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Setup  Time,  tsu 

2 

80 

100 

120 

D„  toll 

4.5 

16 

16 

20 

20 

24 

24 

6 

14 

17 

20 

ns 

Hold  Time,  tH 

2 

3 

3 

3 

D„  toTE 

4.5 
6 

3 
3 

5 

3 
3 

5 

3 
3 

5 

Latch  Enable 

2 

80 

100 

120 

Pulse  Width,  tw 

4.5 

16 

16 

20 

20 

24 

24 

MHz 

6 

14 

17 

20 
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CD54/74HC4511 
CD54/74HCT4511 


SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  t„t.=6  ns) 


LIMITS 

25 

>C 

-40°Cto  +85° 

c 

-55°Cto+125 

°c 

CHARACTERISTIC 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

11  In 

Mm. 

max. 

Min 

Min. 

U  AW 

max. 

Min 

Min. 

Mov 

Max. 

Min 
Mill. 

May 

Max. 

Min 

min. 

May 
MBA. 

Min 

Min. 

uay 

Max. 

Propagation  Delay, 

tpLH 

2 

300 

375 

450 

n   trt  Outnift 

tpHL 

4.5 

DU 

DU 

/  o 

f  O 

on 

yu 

ns 

| 

51 

64 

77 

tpLH 

2 

270 

340 

405 

LE  to  Output 

tpHL 

4.5 

54 

54 

68 

68 

81 

81 

ns 

6 

46 

58 

69 

tpLH 

2 

220 

275 

330 

Bl  to  Output 

tpHL 

4.5 

44 

44 

55 

55 

66 

66 

ns 

6 

37 

47 

56 

tpLH 

2 

160 

200 

240 

LT  to  Output 

tpHL 

4.5 

32 

33 

40 

41 

48 

50 

ns 

6 

27 

34 

41 

tTHL 

2 

75 

95 

110 

Transition  Time 

tTLH 

4.5 
6 

15 
13 

15 

19 
16 

19 

22 
19 

22 

ns 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

SEGMENT 
OUTPUT 


;e  r 

*1  *PHL|  *f         -m.    'PLH  \»- 

 ■■  

te) 


input  (B1)Io 


Dn  INPUT 


The  shaded  areas  Indicate  when  the  input  is 
permitted  to  change  for  predictable  output 
performance. 

Waveforms  showing  the  data  set-up  and 
hold  times  tor  Dn  input  to  LE  Input. 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

92CM- 39899 


Fig.  2  -  AC  waveforms. 
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High-Speed  CMOS  Logic 


4514  4515 


4-to-16  Line  Decoder/Demultiplexer 
with  Input  Latches 


Type  Features: 

■  Multifunction  capability: 
Binary  to  1-ot-16  decoder 
1-to-16  line  demultiplexer 


FUNCTIONAL  DIAGRAM 


The  RCA  CD54/74HC4514,  4515  and  CD54/74HCT4514, 
4515  are  high-speed  silicon  gate  devices  consisting  of  a 
4-bit  strobed  latch  and  a  4-to-1 6  line  decoder.  The  selected 
output  is  enabled  by  a  low  on  the  enable  input  (E).  A  high  on 
E  inhibits  selection  of  any  output.  Demultiplexing  is  ac- 
complished by  using  the  E  input  as  the  data  input  and  the 
select  inputs  (A0-A3)  as  addresses.  This  E  input  also  serves 
as  a  chip  select  when  these  devices  are  cascaded. 

When  Latch  Enable  (LE)  is  high  the  output  follows  changes 
in  the  inputs  (see  truth  table).  When  LE  is  low  the  output  is 
isolated  from  changes  in  the  input  and  remains  at  the  level 
(high  forthe  4514,  low  for  the  451 5)  it  had  before  the  latches 
were  enabled.  These  devices,  enhanced  versions  of  the 
equivalent  CMOS  types,  can  drive  10  LSTTL  loads. 

The  CD54HC4514,  4515  and  CD54HCT4514,  4515  are 
supplied  in  24-lead  dual-in-line  frit-seal  ceramic  packages 
(F  suffix).  The  CD74HC4514,  4515  and  CD74HCT4514,  are 
supplied  in  24-lead  dual-in-line,  narrow-body  plastic  pack- 
ages (EN  suffix),  in  24-lead  dual-in-line,  wide-body  plastic 
packages  (E  suffix),  and  in  24-lead  dual-in-line  surface- 
mount  plastic  packages  (M  suffix).  Both  types  are  also 
available  in  chip  form  (H  suffix). 


Family  Features 

■  Fanout  (over  temperature  range): 
Standard  outputs  —  10  LSTTL  loads 
Bus  driver  outputs  —  15  LSTTL  loads 

■  Wide  operating  temperature  range: 

CD74HC/HC  T:    -40  to  +85°  C 

■  Balanced  propagation  delay  and 
transition  times 

■  Significant  power  reduction  compared  to 
LSTTL  logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2to6V  operation 

High  noise  immunity:  N,L  =  30%,  Nm  =  30%; 
@  Vcc  =  5V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 
VtL  =  0.8  V  max.,  Vm  =  2  V  min. 

CMOS  input  compatibility 
I,<1UA@  Vol,  I/oh 


=■  vcc 


—  Y10 
Y11 


LE 

1 

AO 

2 

A1 

_3_ 

A 

Y7 

Y8 

5 

6 

Y5 

7 

Y4 

Y3 

JL 

Y1 

JO 

Y2 

"ro. 

11 

GND 

;2 

Y9 


—  Y14 

£  Y15 

Hy13 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  l,«  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)    ±  20  mA 

DC  OUTPUT  CURRENT,  Iok  (FOR  Vo  <  -0.5  V  OR  V0  >  Vcc  +0.5  V)   +  20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V0  <  Vcc  +0.5  V)   +  25  mA 

DC  Vcc  OR  GROUND  CURRENT.  PER  PIN  (Ice)    +  50  mA 

POWER  DISSIPATION  PER  PACKAGE  (Pd): 

For  T»  =  -40  to  +60°C  (PACKAGE  TYPE  E)   500  mW 

For  TA  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T,  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  Ta  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T«): 

PACKAGE  TYPE  F,  H  j  -55  to  +125°C 

PACKAGE  TYPE  E,  M   -40  to  +85°C 

STORAGE  TEMPERATURE  (T.„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING) : 

At  distance  1/16  ±  1/32  in.  (1  59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1 .59  mm)  with  solder  contacting  lead  tips  only  +300°C 


I  4H575HCT 


THESE 
INVERTERS 

USED- 
ONLY  ON 
HC/HCT45I4 


92CL-38332RI 


Fig.  —  Logic  diagram  for  CD54/74HC4514.  4515  and  CD54/74HCT4514,  4515. 
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Technical  Data  

CD54/74HC4514,  CD54/74HCT4514 
CD54/74HC4515,  CD54/74HCT4515 


DECODE  TRUTH  TABLE  (LE  =  1) 


DECODER 

INP 

JTS 

ADDRESSED  OUTPUT 

ENABLE 

4514  =  Logic  1  (High) 

A3 

A2 

A1 

AO 

4515  =  Logic  0  (Low) 

0 

0 

0 

0 

0 

YO 

0 

0 

0 

0 

1 

Y1 

0 

0 

0 

1 

0 

Y2 

0 

0 

0 

1 

1 

Y3 

0 

0 

1 

0 

0 

Y4 

0 

0 

1 

0 

1 

Y5 

0 

0 

1 

1 

0 

Y6 

0 

0 

1 

1 

1 

Y7 

0 

0 

0 

0 

Y8 

0 

0 

0 

1 

Y9 

0 

0 

1 

0 

Y10 

0 

0 

1 

1 

Y11 

0 

1 

0 

0 

Y12 

0 

1 

0 

1 

Y13 

0 

1 

1 

0 

Y14 

0 

1 

1 

1 

Y15 

1 

X 

X 

X 

X 

All  Outputs  =  0,  4514 

All  Outputs  =  1,  4515 

X  =  Don't  Care  Logic  1  =  High  Logic  0  =  Low 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package  Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°C 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times,  t,,  ti 

at  2V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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CD54/74HC4514,  CD54/74HCT4514 
CD54/74HC4515,  CD54/74HCT4515 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC4514/CD54HC4S15 

CD74HCT4514/CD54HCT4515 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

-40/ 
+»5°C 

-55/ 
+125°C 

-40/ 

-55/ 
+125»C 

V, 
V 

lo 

mA 

Vcc 
V 

+25°C 

V, 
V 

Vcc 
V 

+25°C 

h-ss-c 

Mln 

tin 

Mln 

Max 

Mln 

Max 

Mln 

Mm 

Mln 

Mu 

Mln 

Mai 

High-Level 

Input  Voltage  V,M 

2 

1.5 

- 

- 

1.5 

- 

1.5 

- 

- 

4.5 
to 

2 

2 

2 

V 

4  5 

3.15 

- 

- 

3.15 

- 

3  15 

- 

5.5 

6 

4.2 

- 

- 

4.2 

- 

42 

- 

Low-Level 

Input  Voltage  V,L 

2 

- 

- 

0  5 

- 

05 

- 

0.5 

- 

4.5 
to 
5  5 

_ 

08 

_ 

0.8 

_ 

08 

V 

4.5 

1.35 

1.35 

_ 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Vom 
CMOS  Loads 

Vn 
or 
V,„ 

-0  02 

2 

1.9 

1.9 

19 

V,L 

or 

V,H 

4.5 

4  4 

4.4 

44 

V 

45 

44 

4.4 

4.4 

6 

5  9 

- 

- 

5  9 

- 

59 

- 

TTL  Loads 

Vu. 
or 
V,» 

-4 
-52 

V,L 

or 

V,H 

4.5 

398 

3  84 

3.7 

V 

4  5 

3.98 

3.84 

3  7 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Vn 
or 

V,M 

0.02 

2 

0  1 

0.1 

0.1 

Vn 
or 

V,H 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0  1 

0  1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

Vn. 
or 

V.H 

4 

5.2 

V,t 
or 
V,„ 

4.5 

026 

033 

04 

V 

4  5 

0  26 

0  33 

04 

6 

0  26 

033 

0  4 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

Any 

6 

±0.1 

±1 

±1 

Voltage 
Between 

Vcc 
& 

Gnd 

5.5 

±0.1 

+  1 

±1 

(/A 

Quiescent 
Device 

Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

m 

Additional 
Quiescent 
Device  Current 
per  input  pin: 
1  unit  load  Alec' 

Vcc -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

»A 

'For  dual-supply  systems  theoretical  worst  case  (V,  =  2  4  V,  Vcc  »  5.5  V)  specilication  is  1  8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

AO  — A3 

0.15 

LE 

0.85 

£ 

0.3 

•Unit  load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360 /uA  max.  @  25°C. 


SWITCHING  CHARACTERISTICS  (Vcc  =  5V,T»  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

Cl 
(PF) 

Typical  Values 

UNITS 

HC 

HCT 

Propagation  Delay 

tpHL 
tpLH 

15 

23 

25 

ns 

1  F  tn  Oi  itni  it 

tpHL 
tpLH 

15 

19 

21 

ns 

¥to  Output 

tpHL 
tpLH 

15 

14 

17 

ns 

Power  Dissipation  Capacitance* 

Cpd 

70 

75 

PF 

'Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
PD  =VCc!  fi  (Cpd  +  CL)  where: 
fi  =  input  frequency, 
Cl  =  output  load  capacitance 
Vcc  -  supply  voltage 


PREREQUISITE  FOR  SWITCHING  FUNCTION 


CHARACTERISTIC 

SYMBOL 

Vcc 

25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

LE  Pulse  Width 

t. 

2 

4.5 
6 

75 
15 
13 

30 

95 
19 
16 

38 

110 
22 
19 

45 

ns 

Select  to  LE 
Set-up  time 

y 

2 

4.5 
6 

100 
20 
17 

20 

125 
25 
21 

25 

150 
30 
26 

30 

ns 

Select  toLE 

2 

0 

0 

0 

Hold  Time 

tH 

4.5 

0 

5 

0 

5 

0 

5 

ns 

6 

0 

0 

0 

SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t,  =  6  ns) 


25°C 

-40°C  to  +85°C 

-55°C  to+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

275 

345 

115 

Select  to  Outputs 

tpHL 

4.5 

55 

55 

69 

69 

83 

83 

ns 

6 

47 

59 

71 

tpLH 

2 

225 

280 

340 

LE  to  Outputs 

tpHL 

4.5 

45 

50 

56 

63 

68 

75 

ns 

6 

38 

48 

58 

tpLH 

2 

175 

220 

265 

E  to  Outputs 

tpHL 

4.5 

35 

40 

44 

50 

53 

60 

ns 

6 

30 

37 

45 

Output  Transition 

tlLM 

2 

75 

95 

110 

Time 

tTHL 

4.5 

15 

15 

19 

19 

22 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

PF 

578 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Propagation  delay  times  and  transition  times  for  HC/HCT451 5. 


Technical  Data   

CD54/74HC4518,  CD54/74HCT4518  Fi,e  Numbness 

CD54/74HC4520,  CD54/74HCT4520 


High-Speed  CMOS  Logic 


MR 

2CP 


92CS-3B409RI 


VCC' 
GND 


IQ2 
IQ3 


2Q0 
20  I 
202 
203 

6 


Dual  Synchronous  Counters 

CD54/74HC/HCT4518  —  BCD 
CD54/74HC/HCT4520  —  Binary 


Type  Features: 

■  Positive  or  Negative  Edge  Triggering 

■  Synchronous  Internal  Carry  Propagation 


FUNCTIONAL  DIAGRAM 


The  RCA  CD54/74HC4518  and  CD54/74HCT4518  are  dual 
BCD  up-counters.  The  RCA  CD54/74HC4520  and 
CD54/74HCT4520  are  dual  binary  up-counters.  Each  device 
consists  of  two  independent  internally  synchronous  4-stage 
counters.  The  counter  stages  are  D-type  flip-flops  having 
interchangeable  CLOCK  and  ENABLE  lines  for  incre- 
menting on  either  the  positive-going  or  the  negative-going 
transition  of  CLOCK.  The  counters  are  cleared  by  high 
levels  on  the  MASTER  RESET  lines.  The  counter  can  be 
cascaded  in  the  ripple  mode  by  connecting  Q3  to  the 
ENABLE  input  of  the  subsequent  counter  while  the  CLOCK 
input  of  the  latter  is  held  low. 

The  CD54HC/HCT4518  and  CD54HC/HCT4520  are 
supplied  in  16-lead  ceramic  dual-in-line  packages  (F  suffix). 
The  CD74HC/HCT4518  and  CD74HC/HCT4520  are 
supplied  in  a  16-lead  plastic  dual-in-line  packages  (E 
suffix),  and  in  16-lead  surface  mount  plastic  dual-in-line 
packages  (M  suffix).  The  CD54/74HC/HCT451 8/4520  are 
also  supplied  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 
"  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

"  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

Nil  =  30%,  Wih  =  30%  of  Vcci  @Vcc=5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max..  Vm  =  2  V  Min. 
CMOS  Input  Compatibility 

I,<1MA@  Vol,  Voh 


92CS-36408 


TERMINAL  ASSIGNMENT 


580 


Technical  Data 


CD54/74HC4518,  CD54/74HCT4518 
CD54/74HC4520,  CD54/74HCT4520 


6(14) 


7(15) 

MR  o  0°- 


9ZCM-38548R2 


Fig.  1  —  CD54/74HC/HCT4518  Logic  Diagram 


vcc 


Fig.  2  —  CD54/74HCIHCT4520  Logic  Diagram 


92CS- 38546R1 


TRUTH  TABLE 

CP 

E 

MR 

ACTION 

H 

L 

Increment  Counter 

L 

L 

Increment  Counter 

X 

L 

No  Change 

X 

L 

No  Change 

L 

L 

No  Change 

H 

~V 

L 

No  Change 

X 

X 

H 

QO  thru  Q3  =  L 

Fig.  3  -  Detail  ol  each  D  Flip-Flop 


X  =  Don't  Care       H  =  High  State 

low-to-high  transition 
^S_=  high-to-low  transition 


L  =  Low  State 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY- VOLTAGE.  (VCc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

DC  INPUT  DIODE  CURRENT,  luc  {FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  !„  (FOR  V„<  -0.5  V  OR  V„  >  Vcc +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l0)  (FOR -0.5  V<V„<  Vcc  +  0  5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT.  PER  PIN  (lCc)   ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  T»  •  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  T*  =  +60  to  +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -55  to  +  100°C  (PACKAGE  TYPE  F.  H)    500  mW 

For  T,  =  +100  to  +  125°C  (PACKAGE  TYPE  F.  H)    Derate  Linearly  at  8  mW7°C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  Ta  a  +70  to  +125°  C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°  C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T,): 

PACKAGE  TYPE  F.  H   -55  to  +125°  C 

PACKAGE  TYPE  E.  M    -40  to +85°  C 

STORAGE  TEMPERATURE  (T,„)      -65  to +1 50°  C 

LEAD  TEMPERATURE  (DURING  SOLDERING) 

At  distance  1/16  ±  1/32  in  (1.59  ±  0  79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  V,N.  Vout 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

•c 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times  t„  t, 

at2V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

'Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC4518/CD54HC4518 
CD74HC4520/CO54HC4520 

CC74HCT4518  CD54HCT4518 
CD74HCT4520/CD54HCT4520 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
SERIES 

74HC 
SERIES 

54HC 
SERIES 

TEST 
CONDITIONS 

74HCT/54HCT 
SERIES 

74HCT 
SERIES 

54HCT 
SERIES 

v, 

Vcc 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125° C 

V, 

Vcc 

♦25°  C 

-40/ 
+85°  C 

-55/ 
♦  125°C 

V 

V 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

High-Level 

Input  Voltage  VIH 

2 

1.5 

- 

1.5 

- 

1.5 

- 

45 

to 
55 

2 

2 

2 

V 

4  5 

3  15 

- 

- 

3.15 

- 

3.15 

- 

6 

4  2 

- 

4.2 

4.2 

- 

Low-Level 

Input  Voltage  V,t 

2 

- 

- 

0.5 

- 

0.5 

- 

0.5 

45 
to 

55 

08 

0.8 

0.8 

V 

4.5 

- 

- 

1  35 

- 

1.35 

- 

1.35 

6 

- 

1.8 

- 

1.8 

- 

18 

High-Level 
Output  Voltage  VUH 
CMOS  Loads 

VlL 
or 

V,H 

-0.02 

2 

19 

- 

- 

19 

- 

1  9 

- 

V,. 
or 
v„, 

4.5 

4  4 

44 

4  4 

V 

4.5 

4  4 

- 

4  4 

- 

4  4 

- 

6 

59 

59 

59 

TTL  Loads 

v,L 

or 

VrH 

V,. 
or 
V,„ 

4  5 

398 

3  84 

3  7 

V 

-4 

4  5 

3  98 

3  84 

37 

-5  2 

6 

5.48 

— 

534 

5  2 

Low-Level 

Output  Voltage  Vn, 
CMOS  Loads 

or 

VIH 

0  02 

2 

0  1 

0  1 

0  1 

V,. 
or 

v,„ 

4  5 

- 

0  1 

- 

0  1 

- 

0  1 

V 

4  5 

- 

0  1 

- 

0  1 

- 

0.1 

6 

0  1 

0.1 

0.1 

TTL  Loads 

v,L 

or 

v,„ 

vlt 

or 
V„ 

4  5 

0  26 

033 

04 

V 

4 

45 

0.26 

0.33 

0.4 

52 

6 

026 

0.33 

04 

Input  Leakage 
Current  1, 

vcc 

or 
Gnd 

6 

±0.1 

+1 

+1 

Any 
Voltage 
Between 

Vcc 
&  Gnd 

5.5 

±0.1 

♦  1 

±1 

Quiescent 
Devtce 

Current  lcc 

Vcc 

or 
Gnd 

0 

6 

80 

160 

vcc 

or 
Gnd 

55 

80 

160 

(/A 

8 

8 

Additional 

Ouiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec" 

Vcc-2.1 

45 
to 

5.5 

100 

360 

450 

490 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

MR 

1.2 

CP 

0.25 

ENABLE 

0.5 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  fjA  max.  @25°C. 


Technical  Data 


CD54/74HC4518,  CD54/74HCT4518 
CD54/74HC4520,  CD54/74HCT4520 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T«  =  25°C,  Input  t„  I,  =  6  ns) 


rH4Q4rTFRI^Tir 
l#nAnHv  1  CHI9  1  Iw 

Cl 
(pF) 

CV1JQAI 

TYPICAL 

UNITS 

HC 

HCT 

Maximum  Clock  Frequency 

15 

'max 

60 

50 

MHz 

Propagation  Delay 
CP  to  Qn 

15 

tpLH 
tpHL 

20 

22 

ns 

Enable  to  Qn 

15 

tpLH 
tpHL 

20 

23 

ns 

MR  to  Qn 

15 

tpLH 
tpHL 

12 

14 

ns 

Power  Dissipation  Capacitance* 

Cpd 

33 

33 

PF 

"Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  counter.  U  =  output  frequency. 

Pd  =  Cpd  Vcc1  f,  +  I  Cl  VCc!  to  where  Cl  =  output  load  capacitance 

f,  =  input  frequency,  VCc  f  supply  voltage 

PREREQUISITE  FOR  SWITCHING  FUNCTION 


CHARACTERISTIC 

SYMBOL 

Vcc 

25 

C 

-40°Cto  +85° 

c 

-55°Cto+125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Maximum  Clock 

2 

6 

5 

4 

Frequency 

Imax 

4.5 
6 

30 
35 

25 

24 
28 

20 

20 
24 

17 

MHz 

2 

80 

100 

120 

Clock  Pulse  Width 

tw 

4.5 

16 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

2 

100 

125 

150 

MR  Pulse  Width 

tw 

4.5 

20 

20 

25 

25 

30 

30 

ns 

6 

17 

21 

26 

Setup  Time 

2 

80 

100 

120 

20 

24 

tsu 

4.5 

16 

16 

20 

24 

ns 

Enable  to  CP 

6 

14 

17 

20 

Removal  Time 

2 

0 

0 

0 

MR  to  CP 

tREM 

4.5 

0 

0 

0 

0 

0 

0 

ns 

6 

0 

0 

0 

Setup  Time 

2 

80 

100 

120 

tsu 

4.5 

16 

16 

20 

20 

24 

24 

ns 

CP  to  Enable 

6 

14 

17 

20 

Removal  Time 
MR  to  Enable 

tREM 

2 

4.5 
6 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

ns 

SWITCHING  CHARACTERISTICS  (Cu  =  50  pF,  Input  t„t,  =  6  ns) 


25°  C 

-40°  C  to  +85°  C 

-55°C  to  +125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay. 
CP  to  Qn 

tpLH 
tpHL 

2 

4.5 
6 

240 
48 
41 

53 

300 
60 
51 

66 

360 
72 
61 

80 

ns 

tpLH 
tpHL 

2 

240 

300 

360 

Enable  to  Qn 

4.5 

48 

55 

60 

69 

72 

83 

ns 

6 

41 

51 

61 

2 

150 

190 

225 

MR  to  Qn 

tpHL 

4.5 

30 

35 

38 

44 

45 

53 

ns 

6 

26 

33 

38 

Output 

Transition  Time 

tTHL 
tTLH 

2 

4.5 
6 

75 
15 
13 

15 

95 
19 
16 

19 

110 
22 
19 

22 

ns 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

pF 
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Technical  Data 


CD54/74HC4518,  CD54/74HCT4518 
CD54/74HC4520,  CD54/74HCT4520 


HC/HCT45I8  < 


HC/HCT4520  < 


92CM-584I0RI 


Fig.  4  —  Timing  Diagrams  for  CD54/74HC/HCT451 8/4520. 


INPUT 
LEVEL 


CP 


-«PHL 


92CS-3B544 


Fig.  s  —  Master  reset  pulse  width.  Master  reset  to  output  delay  and 
master  reset  to  clock  recovery  time*. 


INPUT  IT- 
LEVEL      +  VS 


ISU(H)-1 


Hi 


I— tSU(U 


92CS-38859RI 


Fig.  6  —  Setup  Times:  E  to  CP  and  CP  to  E. 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3V 

Switching  Voltage.  Vs 

50%  Vcc 

1.3  V 

585 


High-Speed  CMOS  Logic 


vcc..6 

6ND-8 


2C>  2R. 

»8CS-S84«0f»1 


FUNCTIONAL  DIAGRAM 


Dual  Retriggerable  Precision 
Monostable  Multivibrator 

Type  Features: 

■  Retriggerable/resettable  capability 

■  Trigger  and  Reset  propagation  delays 

independent  of  /?«,  C 

■  Triggering  from  the  leading  or  trailing  edge 

■  0  and  Q  Buffered  Outputs  available 

■  Separate  Resets 

■  Wide  Range  of  Output-Pulse  Widths 

■  Schmitt  Trigger  input  on  A  and  B  inputs 

■  Retrigger  Time  is  independent  of  C. 


The  RCA-CD54/74HC4538  and  CD54/74HCT4538  are  dual 
retriggerable/resettable  monostable  precision  multivibrators 
for  fixed  voltage  timing  applications.  An  external  resistor 
(Ft,)  and  an  external  capacitor  (C)  control  the  timing  and 
the  accuracy  for  the  circuit.  Adjustment  of  Ft*  and  Cx 
provides  a  wide  range  of  output  pulse  widths  from  the  Q  and 
XJ terminals.  The  propagation  delay  from  trigger  input-to- 
output  transition  and  the  propagation  delay  from  reset 
input-to-output  transition  are  independent  of  Ft*  and  C«. 

Leading-edge  triggering  (A)  and  trailing  edge  triggering 
(B)  inputs  are  provided  for  triggering  from  either  edge  of 
the  input  pulse._An  unused  "A"  input  should  be  tied  to  Gnd 
and  an  unused  B  should  be  tied  to  Vcc-  On  power  up  the  IC 
is  reset.  Unused  resets  and  sections  must  be  terminated.  In 
normal  operation  the  circuit  retriggers  on  the  application 
of  each  newjrigger  pulse.  Tojjperate  in  the  non-retrigger- 
able  mode  Q  is  connected  to  B  when  leading  edge  trigger- 
ing (A)  is  used  or  Q  is  connected  to  A  when  trailing  edge 
triggering  (B)  is  used.  The  period  (t)  can  be  calculated  from 
t  =  (0.7)  R>  C;  Rmi„  is  5k  ohms.  Cmi„  is  0  pF. 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85° C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 
High  Noise  Immunity: 

N,L  =  30%,  Wih  =  30%  Of  Vcc:  @Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

VIL  =  0.8  V  Max..  Vm  =  2V  Min. 
CMOS  Input  Compatibility 

l,<1  fiA®  Vok.,  Vo» 


The  CD54HC/HCT4538  are  supplied  in  16-lead  ceramic 
dual-in-line  packages  (F  suffix).  The  CD74HC/HCT4538 
are  supplied  in  16-lead  dual-in-line  plastic  packages  (E 
suffix),  also  in  16-lead  dual-in-line  surface  mount  plastic 
packages  (M  suffix).  The  CD54/74HC/HCT4538  are  also 
available  in  chip  form  (H  suffix). 


ICx  - 
1"XCX  — 


10  — 

—  7 


—  2"xCx 

2* 
2B 


92CS-38465 

TERMINAL  ASSIGNMENT 
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92CM-38447R2 

Fig.  1  -  Logic  diagram  (1  mono). 


TRUTH  TABLE 


vcc_r*L 


INPUTS 

OUTPUTS 

R 

A 

B~ 

Q 

Q 

L 

X 

X 

L 

H 

X 

H 

X 

L 

H 

X 

X 

L 

L 

H 

H 

L 

n 

U 

H 

H 

JT 

i_r 

FF  DETAIL 


9ZCM-3B447R2 


H  =  High  Level 
L  =  Low  Level 
_/^^  Transition  from  Low  to  High 
"\_=  Transition  from  High  to  Low 
J~L=  One  High  Level  Pulse 
T_r=  One  Low  Level  Pulse 
X  =  Irrelevant 


HC/HCT4538  FUNCTIONAL  TERMINAL  CONNECTIONS 

FUNCTION 

Vcc  TO 
TERM.  NO. 

Ond  TO 
TERM.  NO. 

INPUT  PULSE 
TO  TERM.  NO. 

OTHER 
CONNECTIONS 

MONO, 

MONO: 

MONO, 

MON02 

MONO, 

MONO: 

MONO, 

MON02 

Leading-Edge  Trigger/ 
Retriggerable 

3.5 

11,  13 

4 

12 

Leading-Edge  Trigger/ 
Non-Retriggerable 

3 

13 

4 

12 

5-7 

11-9 

Trailing-Edge  Trigger/ 
Retriggerable 

3 

13 

4 

12 

5 

11 

Trailing-Edge  Trigger/ 
Non-Retriggerable 

3 

13 

5 

11 

4-6 

12-10 

NOTES: 

1.  A  RETRIGGERABLE  ONE-SHOT  MULTIVIBRATOR  HAS  AN 
OUTPUT  PULSE  WIDTH  WHICH  IS  EXTENDED  ONE  FULL 
TIME  PERIOD  (T)  AFTER  APPLICATION  OF  THE  LAST 
TRIGGER  PULSE. 

2.  A  NON-RETRIGGERABLE  ONE-SHOT  MULTIVIBRATOR 
HAS  A  TIME  PERIOD  (T)  REFERENCED  FROM  THE  APPLI- 
CATION OF  THE  FIRST  TRIGGER  PULSE 


INPUT  PULSE  TRAIN 


RETRIGGERABLE  MODE  PULSE 
WIDTH  (A  MODE) 
NON-RETRIGGERABLE  MODE 
PULSE  WIDTH 
(A  MODE) 


JUUUL 
J  1=* 
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MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   -0.5  to  +  7  V 

•DC  INPUT  DIODE  CURRENT.  I,„  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +  0.5  V)    ±20mA 

DC  OUTPUT  DIODE  CURRENT,  lo«  (FOR  V„  < -0.5  V  OR  V0  >  Vcc +0.5V)    ±20mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (l„)  (FOR  -0.5  V  <V„<  Vcc  +  0.5V)    ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)   ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T«  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

For  T.  =  +60  to  +85°  C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  T»=  -55  to  +100°C  (PACKAGE  TYPE  F.  H)    100  mW 

ForT.=  +  100  to  +125°C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/'C  to  300  mW 

For  TA  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T,  =  +70  to  +125°C  (PACKAGE  TYPE  M)    Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M    -40  to +85°  C 

STORAGE  TEMPERATURE  (T„„)   -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only   +300°C 

•DC  INPUT  CURRENT  FOR  Oc  Rx  PIN  =  30  mA 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:" 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage  Mi,  V0 

0 

Vcc 

V 

Operating  Temperature  TA: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times  tr,  t, 

Reset  Input 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

Trigger  Inputs 

A  or  B 

at2V 

0 

Unlimited 

at  4.5  V 

0 

Unlimited 

ns 

at  6  V 

0 

Unlimited 

External  Timing  Resistor,  R» 

5kO 

# 

External  Timing  Capacitor,  Cx 

0 

# 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 

#The  maximum  allowable  values  of  Rx  and  C»  are  a  function  of  leakage  of  capacitor 
Cx,  the  leakage  of  the  HC4538,  and  leakage  due  to  board  layout  and  surface  resistance. 
Values  of  Rx  and  C  should  be  chosen  so  that  the  maximum  current  into  pin  2  or  pin  14  is 
30  mA.  Susceptibility  to  externally  induced  noise  signals  may  occur  for  Rx  >  1  Mfi. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC4538/COS4HC4S38 

CD74HCT4538/CD54HCT4538 

UNITS 

CHARACTERISTIC 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

S4HCT 
TYPE 

V, 
V 

lo 

mA 

Vcc 

V 

♦25°  C 

-40/ 
♦«5°C 

-55/ 
♦125° C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
•85-C 

-55/ 
♦12S"C 

Min 

Typ 

Max 

Mln 

Max 

Min 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High -Level 

Input  Voltage  V 

2 

1  5 

1  5 

15 

- 

4.5 
to 
55 

2 

2 

2 

y 

4.5 

3.15 

— 

3.15 

— 

3  15 

6 

42 

_ 

42 

4.2 

Low-Levet 

Input  Voltage  V,L 

2 

— 

0.5 

— 

0.5 

05 

4.5 

to 

5.5 

0.8 

08 

0.8 

4  5 

1.35 

1.35 

1.35 

£ 

1  8 

1.8 

1.8 

High-Level 
Output  Voltage  Vom 
CMOS  Loads 

or 
V,„ 

-0  02 

19 

- 

- 

1  9 

- 

'  9 

- 

or 
V„ 

45 

4.4 

44 

44 

4.5 

4.4 

44 

4.4 

6 

59 

- 

- 

59 

- 

59 

- 

TTL  Loads 

or 
V,„ 

or 
V„ 

45 

398 

3  84 

37 

-4 

45 

3  98 

384 

37 

-5  2 

6 

5  48 

534 

52 

Low-Level 

Output  Voltage  VOL 
CMOS  Loads 

or 

vM 

0.02 

_ 

0  1 

0  1 

0  1 

or 
V,„ 

45 

0  1 

0  1 

01 

45 

0  1 

0  1 

0  1 

6 

0  1 

0  1 

0  1 

TTL  Loads 
Standard  Output 

vtL 

or 

V* 

V,L 
or 
V„ 

4.5 

4 

45 

026 

033 

04 

5.2 

6 

026 

033 

04 

Input  Leakage 
Current  A,  B.  R  d 

VCc 

6 

±0  1 

tl 

±1 

Any 
Voltage 
Between 
Vcc 
&  Gnd 

5.5 

±0  1 

±1 

•1 

UA 

*  Input  Leakage 
Current  t, 
R*  Cx 

or 
Gnd 

6 

±005 

±0.5 

±05 

5.5 

'0  05 

±0.5 

±05 

»A 

Quiescent 
Device 

Current  lcc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

55 

8 

80 

160 

uA 

Active  Device 
Current 

0  =  High&Pins  2&14 
@  Vcc/4 

'cc 

Vcc 
or 
Gnd 

0 

6 

0  6 

0.8 

1 

Vcc 
Or 
Gnd 

5.5 

0.6 

0.8 

1 

mA 

Additional 

Quiescent 

Device  Current 

per  input  pin: 

1  unit  load  Alec* 

Vcc-21 

45 
to 
55 

100 

360 

450 

490 

fA 

•  For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  mA. 

•  When  testing  In  the  Q  output  must  be  high.  If  Q  islow  (device  not  triggered)  the  pull-up  Pdevice  will  be  ON  and  the  low  resistance  path  from  Vooto  the 

test  pin  will  cause  a  current  far  exceeding  the  specification. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

0.5 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristic 


SWITCHING  CHARACTERISTICS  (Vcc  =  5  V,  T»  =  25°C,  Input  I,  I,  =  6  ns) 


CHARACTERISTIC 

CL 

TYPICAL 

UNITS 

(pF) 

54/74HC 

54/74HCT 

Propagation  Delay 

A,  B  to  Q 

tpLH 

15 

21 

23 

ns 

A,  I  to  Q 

tpHL 

15 

21 

23 

ns 

R  to  Q 

tpHL 

15 

21 

17 

ns 

R  to  Q 

tpLH 

15 

21 

21 

ns 

Power  Dissipation  Capacitance 

Cpd* 

136 

134 

pF 

*Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  one  shot 
Po  •  (Cpd  +  C,)  Vcc2  t  +  I  (Cl  Vcc2  fo)  where: 
f,  =  input  frequency, 
fo  =  output  frequency. 
Cl  =  output  load  capacitance. 
Vcc  =  supply  voltage, 
assuming  f'< 

PREREQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

25" 

C 

-40°  C  to  +85°  C 

-55 

0  C  to  +125°  C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Input  Pulse  Widths 

2 

80 

100 

120 

A,  B 

twH 

4.5 

16 

16 

20 

20 

24 

24 

ns 

twc 

6 

14 

17 

20 

2 

80 

100 

120 

R 

twL 

4.5 

16 

20 

20 

25 

24 

30 

ns 

6 

14 

17 

20 

Reset  Recovery 

2 

5 

5 

5 

Time 

tp.EC 

4.5 
6 

5 
5 

5 

5 
5 

5 

5 
5 

5 

ns 

Retrigger  Time 

Typical 

(See  Fig.  5) 

t„ 

5 

175 

ns 
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SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  t„  t<  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

Vcc 

25°  C 

-40°Cto  +85°  C 

-55°CtO+125°C 

UNITS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Mill. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay, 
A,  B  to  Q 

tpLH 

2 

4.5 
6 

250 
50 
43 

55 

315 
63 
54 

69 

375 
75 
64 

- 

83 

ns 

A,  B  to  Q 

tpHL 

2 

4.5 
6 

- 

250 
50 
43 

— 

55 

315 
63 
54 

— 

69 

— 

375 
75 
64 

— 

83 

ns 

R  to  Q 

tpHL 

2 

4.5 
6 

250 

50 

43 

40 

315 
63 
54 

50 

375 

75 

64 

60 

ns 

R  to  Q 

tpLH 

2 

4.5 
6 

250 
50 
43 

50 

315 
63 
54 

63 

375 
75 
64 

75 

ns 

Output 
Transition  Time 

tTLH 
tTHL 

2 

4.5 
6 

75 
15 
13 

15 

95 
19 
16 

19 

110 
22 
19 

22 

ns 

Output  Pulse 
Width 

Rx=10n.  Cx=0.1  //F 

T 

3 
5 

0.64 
0.63 

0.78 
0.77 

0.63 

0.77 

0.612 
0.602 

0.812 
0.798 

0.602 

0.798 

0.605 
0.595 

0.819 
0.805 

0.595 

0.805 

ms 

Output  Puise  Width 
Match,  Same  Pkg. 

Typ±1% 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

4  4.5  5  5.5  6  V 
DC  SUPPLY  VOLTAGE  (VCCI  -  V 


4  4.5  5  5.5  IV 
DC  SUPPLY  VOLTAGE  (Vcc|  -  V 


Fig.  2  -  K  Factor  Vs  DC  Supply  Voltage  (VCc)-V. 


Fig.  3  -  K  Factor  Vs  DC  Supply  Voltage  (VCc)-V. 


102  )03  104 

TIMING  CAPACITANCE  (C*)  -  pF 

Fig.  4  -  K  Factor  Vs  C. 


10  10*  103"  104 

TIMING  CAPACITANCE  (Cxi  -  pF  „«— . 

Fig.  5  -  Minimum  Retrigger  Time  Vs  Timing  Capacitance. 
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INPUT  LEVEL 


B 

INPUT 


A 

INPUT 


■INPUT  LEVEL 


—  H     H«—  <THL  * 


"5 


r-07  Rx  CX 


TLH 
90% 


 VS 

—  10% 


92CS  -58439BI 


r  i 

 90% 

 VCC 

~\  "/  90% 

*»\  —  -/— 10% 


— j    I—  *TLH      — |- 


"PHL 


-GND 
-VCC 
-  GND 
-VCC 


-  GND 


<PLH 


'thl— |  p- 


 90  % 

10% 


90%  I/ 
VS/ 

10%  / 


(RETRIGGERED  PULSE) 


/ 


54/74HC 

54/74HCT 

Input  Level 

VCC 

3V 

Switching  Voltage,  V$ 

50%Vcc 

1.3  V 

Fig.  6  —  Switching  Waveforms 
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Power-Down  Mode 

During  a  rapid  power-down  condition,  as  would  occur  with  a 
power-supply  short  circuit  or  with  a  poorly  filtered- power  supply, 
the  energy  stored  in  Cx  could  discharge  into  Pin  2  or  14.  To 
avoid  possible  device  damage  in  this  mode,  when  Cx  is  >  0.5 
microfarad,  a  protection  diode  with  a  1 -ampere  or  higher  rating 
(1N5395  or  equivalent)  and  a  separate  ground  return  for  Cx 
should  be  provided  as  shown  in  Fig.  7. 


vcc 


INS395 
OR 

EQUIVALENT  " 


cx  1 

>0.5/lF 


Fig.  7  —  Rapid  power-down  protection  circuit. 


An  alternate  protection  method  is  shown  in  Fig.  8,  where  a  51- 
ohm  current-limiting  resistor  is  inserted  in  series  with  Cx.  Note 
that  a  small  pulse  width  decrease  will  occur  however,  and  Rx 
must  be  appropriately  increased  to  obtain  the  originally  desired 
pulse  width. 


.vcc 


Rx; 


51  OHMS  < 

Cx  J+ 


1(15) 


Fig.  8  —  Alternate  rapid  power-down  protection  circuit. 
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High-Speed  CMOS  Logic 


BCD 
INPUTS 


GND»8 
VCC=I6 


7-SEGMENT 
OUTPUTS 


FUNCTIONAL  DIAGRAM 


BCD-to-7  Segment  Latch/ 
Decoder/Driver  for  LCDs 


a\i\E\3M5\b\i\m  M 

OI23456789  ^0 


92CS-25087 

Type  Features: 

■  Input  latches  tor  BCD  code  storage 

■  Blanking  capability 

■  Phase  input  for  complementing  outputs 


The  RCA  CD54/74HC4543  and  CD54/74HCT4543  high- 
speed silicon-gate  devices  are  BCD-to-7  segment  latch/de- 
coder/drivers designed  primarily  for  directly  driving  liquid- 
crystal  displays.  They  have  an  active-high  disable  input 
(LD),  an  active  high  blanking  input  (Bl)  and  a  phase  input 
(PH)  to  which  a  square  wave  is  applied  for  liquid-crystal 
applications.  This  square  wave  is  also  applied  to  the 
backplane  of  the  liquid-crystal  display. 

These  devices  can  also  be  used,  in  conjunction  with  current 
amplifying  devices,  for  driving  LEDs,  incandescent,  fluore- 
scent, and  gas-discharge  displays.  For  these  applications 
the  phase  input  provides  a  means  for  obtaining  active-high 
or  active-low  segment  outputs.  (See  Function  Table.) 

The  CD54HC/HCT4543  are  supplied  in  16-lead  ceramic 
dual-in-line  frit-seal  packages  (F  suffix).  The  CD74HC/HCT- 
4543  are  supplied  in  16-lead  dual-in-line  plastic  packages 
(E  suffix)  and  in  1 6-lead  dual-in-line  surface-mount  plastic 
packages  (M  suffix).  Both  types  are  also  available  in  chip 
form  (H  suffix). 


Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  - 10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:  -40  to  +85° C 

■  Balanced  propagation  delay  and  transition  times 

■  Significant  power  reduction  compared  to  LSTTL 
logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity: 

Wil=30%,  Nm=30%  Of  Vcc:  @  Vcc=5  V 

■  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 

Direct  LSTTL  input  logic  compatibility 

ViL=0.8  V  max.,  VIH=2  V  min. 
CMOS  input  compatibility 

/,<!  pA  @  Vol,  Voh 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

DISPLAY 

LO 

Bl 

PH 

D3 

02 

D1 

DO 

1 

b 

e 

d 

e 

f 

g 

X 

H 

L 

X 

X 

X 

X 

L 

L 

L 

L 

t 

L 

L 

Blank 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

0 

H 

L 

L 

L 

L 

i. 

L 

H 

H 

L 

t 

L 

L 

L 

L 

L 

H 

L 

H 

L 

L 

2 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

L 

H 

3 

H 

L 

L 

L 

H 

L 

L 

L 

H 

H 

L 

L 

H 

H 

4 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

M 

L 

H 

H 

5 

H 

L 

L 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

6 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

7 

H 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

B 

H 

t 

L 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

9 

H 

L 

L 

H 

L 

H 

L 

u 

L 

L 

L 

L  • 

L 

L 

Blank 

H 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

L 

ti 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L. 

Blank 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

L 

L 

X 

X 

X 

X 

as  above 

M 

as  above 

inverse  ol  above 

bi  ab 

bcd  ; 

INPUTS  I  D3- 


PH- 
Bl  . 


TOP  VIEW 


■  vcc 


7- SEGMENT 
OUTPUTS 


TERMINAL  ASSIGNMENT 


■  'Depends  upon  the  BCD  code  previously  applied  when  LD  =  High 
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20— 0°— 


LD- 

LrJ- 


02 
LATCH 

LD 

^5? 


'=^^3CH>-t><^d  _ 


LD 


Fig.  f  -  Logic  diagram. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  Ik  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Ion  (FOR  Ve  <  -0.5  V  OR  V0  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)  ±25  mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (P0): 

For  Ta  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

For  T.  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F,H)  500  mW 

For  Ta  =  +100  to  +12S°C  (PACKAGE  TYPE  F,H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/"C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,H   -55  to  +125°  C 

PACKAGE  TYPE  E.M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.„)  -65  to  +150°  C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 
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RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc.:' 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature,  T»: 

CD74  Types 

-40 

+85 

•c 

CD54  Types 

-55 

+125 

Input  Rise  and  Fall  Times,  t„tt: 

at  2  V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

•Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
SWITCHING  CHARACTERISTICS  (VCc=5  V,  TA=25°C,  Input  t„M6  ns) 


TYPICAL  VALUES 

CHARACTERISTIC 

C  (pF) 

HC 

HCT 

UNITS 

Propagation  Delay: 

tpLH 

15 

28 

33 

D„  to  Output 

tpHL 

LD  to  Output 

tpLH 

15 

31 

32 

tpHL 

ns 

tPLH 

15 

22 

27 

Bl  to  Output 

tpHL 

PH  to  Output 

tPLH 

15 

17 

27 

tpHL 

Power  Dissipation  Capacitance* 

Cpd 

52 

54 

PF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
Pd  ■  Cpd  Vcc2  fi  +  Z  CL  Vcc2  fo  where  f,  =  input  frequency 

to  =  output  frequency 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage. 


PRE  REQUISITE  FOR  SWITCHING  FUNCTION 


CHARACTERISTIC 

TEST 
CONDITIONS 

Vcc  (V) 

LIMITS 

UNITS 

25°  C 

-40°  C  to  +85°  C 

-55°Cto+125 

*C 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Setup  Time, 
D„  to  LD 

tsu 

2 

4.5 
6 

60 
12 
10 

12 

75 
15 
13 

15 

90 
18 
15 

18 

ns 

Hold  Time, 
D„  to  LD 

tH 

2 

4.5 
6 

30 
6 
5 

8 

40 
8 
7 

10 

45 
9 
8 

12 

Latch  Disable 

2 

50 

65 

75 

Pulse  Width, 

tw 

4.5 

10 

10 

13 

13 

15 

15 

6 

9 

11 

13 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

CD74HC4543/CD54HC4S43 

CD74HCT4543/CD54HCT4S43 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

S4HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

V, 
V 

lo 

mA 

Vcc 
V 

+25°  C 

-40/ 
+«5°C 

-55/ 
+125°C 

Vi 
V 

Vcc 
V 

+25"' C 

-40/ 
+85°  C 

-55/ 
+125° C 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  Vih 

2 

1.5 

— ■ 

— 

1.5 

— 

1.5 

— 

4.5 
to 
5.5 

2 

2 

2 

V 

4.5 

3.15 

— 

— 

3  15 

— 

3.15 

— 

6 

4.2 

— 

— 

4  2 

— 

4.2 

— 

Low-Level 

Input  Voltage  ViL 

2 

— 

— 

0.5 

— 

0.5 

— 

0.5 

4.5 
to 

5.5 

0.8 

0.8 

0.8 

V 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  VOH 
CMOS  Loads 

V,L 
or 
V,„ 

-0.02 

2 

1.9 

- 

1.9 

1.9 

Vi 
or 
V,„ 

4.5 

4.4 

4.4 

4.4 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

5  9 

5.9 

TTL  Loads 

Non-Standard  Output 

v,L 

or 

V,H 

V,L 
or 
V,„ 

4.5 

3.98 

3.84 

3.7 

V 

-1 

4.5 

3.98 

3.84 

3.7 

-1.3 

6 

5.48 

5.34 

52 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

V,L 

or 
V,« 

0.02 

2 

0.1 

0.1 

0.1 

V,L 
or 
V« 

4.5 

- 

- 

0.1 

- 

0.1 

- 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0  1 

0.1 

0.1 

TTL  Loads 
Non-Standard  Output 

V,L 
or 
V,„ 

V,L 

or 
V,„ 

4.5 

0.26 

0.33 

0.4 

V 

1 

4.5 

0.26 

033 

0.4 

1.3 

6 

0.26 

0.33 

0.4 

Input  Leakage 

Current  li 

Vcc 

or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voitage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

«i 

Quiescent 

Device  Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

»*■ 

Additional 

Quiescent  Device 

Current  per  input 

pin:  1  unit  load  Alec* 

Vcc -2.1 

4.5 
to 

5.5 

100 

360 

450 

490 

fA 

I 


•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  «  5.5  V)  specification  is  1.8  mA 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

DO,  D1,  D2 

1 

D3,  Bl 

0.5 

PH 

1.25 

LD 

1.5 

"Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  </A  max.  @25°C. 
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SWITCHING  CHARACTERISTICS  (C=50  pF,  Input  t„t(=6  ns) 


LIMITS 

25 

C 

-40°  C  to  +85°  C 

-55°  C  to  +125 

'C 

rHARAPTFPKTir 
OnMnMU  1  Cnlg  1  I  w 

VCC 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Uav 

Max. 

Min. 

Max. 

Mm. 

MAX. 

•   l  updyallUI  1  L^cldy,  IpLH 

2 

340 

425 

o  iu 

U»n  IU  UUipUl  IPHL 

68 

on 

OR 

oo 

inn 
1UU 

■*  AO 

1  on 

ns 

O 

DO 

72 

87 

 , 

IPLH 

9 

370 

465 

555 

LU  IU  WUipUL  IPHL 

74 

77 

93 

96 

111 

116 

g 

63 

79 

94 

tpLH 

2 

265 

330 

400 

Bl  tO  OutpUt  tpHL 

4.5 

53 

66 

66 

83 

80 

99 

ns 

6 

45 

56 

68 

tpLH 

2 

200 

250 

300 

PH  to  Output  tpHL 

4.5 

40 

66 

50 

83 

60 

99 

ns 

6 

34 

43 

51 

tTLH 

2 

250 

315 

375 

Transition  Time  tTHL 

4.5 

50 

50 

63 

63 

75 

75 

ns 

6 

43 

54 

64 

Input  Capacitance  Ci 

10 

10 

10 

10 

10 

10 

PF 

(a)  WAVEFORMS  SHOWING  THE  ADDRESS  AND  (b) WAVEFORMS  SHOWING  THE  LATCH  DISABLE 

i  BLANKING  (Dn.  Bl)  TO  OUTPUT  PROPAGATION  INPUT  (LD)  TO  OUTPUT  PROPAGATION 

I  DELAYS  AND  THE  OUTPUT  TRANSITION  TIMES.  DELAYS  AND  THE  OUTPUT  TRANSITION  TIMES 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Fig.  2  -  AC  waveforms. 


U) 


NOTE: 

THE  SHADED  AREAS  INDICATE  WHEN  THE 
INPUT  IS  PERMITTED  TO  CHANGE  FOR 
PREDICTABLE  OUTPUT  PERFORMANCE. 

(C)  WAVEFORMS  SHOWING  THE  ADDRESS  (Dn) 
TO  LATCH  DISABLE  (LD)  INPUT  SET-UP  AND 
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APPLICATION  CIRCUITS 


HC/HCT4543 

OUTPUT 


/,/////, 


ONE  OF  SEVEN 
/  SEGMENTS 

—     , COMMON 
-~y  BACK-PLANE 


JTsOUARE  WAVE: 
—  GNDTOVcc 


Fig.  3  -  Connection  to  liquid-crystal  (LCD)  display  readout. 


APPROPRIATE 
VOLTAGE 


|  GND 

Fig.  4  -  Connection  to  incandescent  display  readout. 


APPROPRIATE 
^  VOLTAGE 


HC/HCT  4543 

OUTPUT 


ft 


TO  FILAMENT 
SUPPLY 


_J_GND  OR  APPROPRIATE 
~    VOLTAGE  BELOW  GND 


92 CS-  40106 


40107 


Fig.  5  -  Connection  to  gas-discharge  display  readout. 


Fig.  6  -  Connection  to  fluorescent  display  readout. 
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High-Speed  CMOS 


GND  =  7 
VCC="> 


92CS- 39054 

FUNCTIONAL  DIAGRAM 


Quad  2-lnput  Exclusive-NOR  Gate 


Type  Features: 

■  Four  independent  Exclusive-NOR  gates 

■  Buffered  inputs  and  outputs 

Applications 

■  Logical  comparators 

■  Parity  generators  and  checkers 

■  Adders/Subtracters 


The  RCA  CD54/74HC7266  contains  four  independent  EX- 
CLUSIVE-NOR gates  in  one  package.  They  provide  the 
system  designer  with  a  means  for  implementation  of  the 
EXCLUSIVE-NOR  function. 

This  device  is  functionally  the  same  as  the  TTL226.  They 
differ  in  that  the  HC7266  has  active  high  and  low  outputs 
whereas  the  226  has  open  collector  outputs. 
The  CD54HC7266  is  supplied  in  14-lead  ceramic  dual-in- 
line packages  (F  suffix).  The  CD74HC7266  is  supplied  in 
14-lead  plastic  dual-in-line  package  (E  suffix),  in  a  14-lead 
dual-in-line  surface-mount  plastic  package  (M-suffix),  and 
is  also  available  in  chip  form  (H  suffix). 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  .70  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC:  -40  to  +85°C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 

■  2  fo  6  V  Operation 

High  Noise  Immunity:  W,L  =  30%,  Nm  =  30%  of  VCc, 
@Vcc  =  5V 

■  CMOS  Input  Compatibility 
k  <  1  nA  @  y0L,  I/oh 


TRUTH  TABLE 


Fig.  1  -  Logic  diagram  each  gate. 


INPUTS 

OUTPUT 

nA 

nB 

nY 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

H 

H  =  HIGH  voltage  level. 
L  =  LOW  voltage  level. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  |w  (FOR  V,  <-0.5  V  OR  V,  >  Vcc  +  0.5  V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  I0k  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  Vo  <  Vcc  +  0.5  V)  ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T.  =  -40  to  +60°C  (PACKAGE  TYPE  E)  500  mW 

For  Ts  =  +60  to  +85°C  (PACKAGE  TYPE  E)   Derate  Linearly  at  8  mW/°C  to  300  mW 

For  TA  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T»  =  -40  to  +70°C  (PACKAGE  TYPE  M)    400  mW 

For  TA  =  +70  to  +125°C  (PACKAGE  TYPE  M)  Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T4): 

PACKAGE  TYPE  F,  H  -55to+125°C 

PACKAGE  TYPE  E,  M   -40to+85°C 

STORAGE  TEMPERATURE  (T,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  +  0.79  mm)  from  case  for  10  s  max  +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 

with  solder  contacting  lead  tips  only  +300°C 


RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA  =  Full  Package-Temperature  Range)  Vcc:* 

2 

6 

V 

DC  Input  or  Output  Voltage  V,,  Vo 

0 

Vcc 

V 

Operating  Temperature  TA: 
CD74  Types 
CD54  Types 

-40 

-55 

+85 
+125 

°c 

Input  Rise  and  Fall  Times  t,,  t( 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 

500 

400 


ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 


 1 

14 

 2 

13 

 3 

_12  

 4 

VI  

 5 

10 

 6 

_9  

 7 

a  

«cc 


TOP  VIEW 
TERMINAL  ASSIGNMENT 

92CS-39841 


TERMINAL  ASSIGNMENT 
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STATIC  ELECTRIC  CHARACTERISTICS 


CHARACTERISTIC 

CD54/74HC7266 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPE 

54HC 
TYPE 

V, 

v 

lo 

rriA 

Vcc 
V 

+25°C 

-40/ 
+85-C 

-55/ 
+125°C 

Min. 

Typ. 

Max 

Min. 

Max. 

Min. 

Max. 

High-Level  Input  Voltage  VM 

2 

1.5 

1.5 

1.5 

V 

4.5 

3.15 





3.15 



3.15 



6 

4.2 





4.2 



4.2 



Low-Level  Input  Voltage  V,L 

2 

- 

- 

0.5 

— 

0.5 

- 

0.5 

V 

4  5 

1  35 

1  35 

1 .35 

6 

— 

1.8 

— 

1.8 

— 

1.8 

High-Level  Output  Voltage  VOH 
CMOS  Loads 

V,L 

or 

V,H 

-0.02 

2 

1.9 

1.9 

1.9 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

5.9 

5.9 

TTL  Loads 

Vil  or 

V,H 

-4 

4.5 

3.98 

3.84 

3.7 

V 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level  Output  Voltage  Vol 
CMOS  Loads 

V,L 
or 

V,H 

0.02 

2 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

Vil  or 

V,H 

4 

4.5 

0.26 

0.33 

0.4 

V 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage  Current  h 

Vcc  or 
Gnd 

6 

+0.1 

±1 

±1 

MA 

Quiescent  Device  Current  Ice 

Vcc  or 
Gnd 

0 

6 

2 

20 

40 

yt(A 

SWITCHING  CHARACTERISTICS  (Vcc  =  5V,T,  =  25°C,  Input  t„  t,  =  6  ns) 


CHARACTERISTIC 

Cl 

TYPICAL  VALUES 
54/74HC 

UNITS 

Propagation  Delay,  Any  Input 

tpLH 
tpHL 

15 

9 

ns 

Power  Dissipation  Capacitance* 

CpD 

33 

PF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  gate. 
PD  =  Vcc2  fi  (Cpd+Cl)  where: 
f,  =  input  frequency. 
Cl  —  output  load  capacitance. 
Vcc  =  supply  voltage. 

SWITCHING  CHARACTERISTICS  (CL  =  50  pF,  Input  trj  t,  =  6  ns) 


25°C 

-40°C  to  +85°C 

-55°C  to  +125°C 

CHARACTERISTIC 

Vcc 

HC 

74HC 

54HC 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH,  tpHL 

2 

115 

145 

150 

4.5 

23 

29 

35 

ns 

6 

30 

25 

30 

Output  Transition  Time 

tTLH,  tTHL 

2 

75 

95 

110 

4.5 

15 

19 

22 

ns 

6 

13 

16 

19 

Input  Capacitance 

C, 

10 

10 

10 

pF 

Technical  Data 
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OUTPUT  nY 


—J    —  «TLH  —  I— 


^*THL 


92CS-38430R2 

Fig.  2  -  Transition  times  and  propagation  delay  times. 
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File  Number  1596 


High-Speed  CMOS  Logic 


pi. 

PL  - 

TE  - 

MR  " 


PARALLEL  1 
(LOAD)  I 
DATA  I 


CP 


-  TC 


92CS-38323 

FUNCTIONAL  DIAGRAM 


8-Stage  Synchronous  Down  Counters 

40102  -  2-Decade  BCD  Type 

40103  -  8-Bit  Binary  Type 

Type  Features: 

■  Synchronous  or  asynchronous  preset 

m  Cascadable  in  synchronous  or  ripple  mode 


The  RCA-CD54/74HC401 02,  401 03  and  CD54/74HCT401 02, 
40103  are  manufactured  with  high  speed  silicon  gate 
technology  and  consist  of  an  8-stage  synchronous  down 
counter  with  a  single  output  which  is  active  when  the 
internal  count  is  zero.  The  40102  is  configured  as  two 
cascaded  4-bit  BCD  counters,  and  the  40103  contains  a 
single  8-bit  binary  counter.  Each  type  has  control  inputs  for 
enabling  or  disabling  the  clock,  for  clearing  the  counter  to 
its  maximum  count,  and  for  presetting  the  counter  either 
synchronously  or  asynchronously.  All  control  inputs  and 
the  TC  output  are  active-low  logic. 

In  normal  operation,  the  counter  is  decremented  by  one 
count  on  each  positive  transition_of  the  CLOCK  (CP). 
Counting  is  inhibited  when  the  TE  input  is  high._Ttie  TC 
output  goes  low  when  the  count  reaches  zero  if  the  TE  input 
is  low,  and  remains  low  for  one  full  clock  period. 

When  the  PE  input  is  low,  data  at  the  P0-P7  inputs  are 
clocked  into  the  counter  on  the  next  positive  clock  transition 
regardless  of  the  state  of  the  TE  input.  When  the  PL  input  is 
low,  data  at  the  P0-P7  inputs  are  asynchronously  forced 
into  the  counter  regardless  of  the  state  of  the"P~E,  TE,  or 
CLOCK  inputs.  Input  P0-P7  represent  two  4-bit  BCD  words 
for  the  40102  and  a  single  8-bit  binary  word  for  the  40103. 
When  the  MR  input  is  low,  the  counter  is  asynchronously 
cleared  to  its  maximum  count  (99i0  for  the  40102  and  225,o 
for  the  401 03)  regardless  of  the  state  of  any  other  input.  The 
precedence  relationship  between  control  inputs  is  indicated 
in  the  truth  table. 

If  all  control  inputs  except  TE  are  high  at  the  time  of  zero 
count,  the  counters  will  jump  to  the  maximum  count,  giving 
a  counting  sequence  of  100  or  256  clock  pulses  long. 

The  401_02_and  40103  may  be  cascaded  using  the  TE  input 
and  the  TC  output,  in  either  a  synchronous  or  ripple  mode. 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  75  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 
m  Significant  Power  Reduction  Compared  to  LSTTL 

Logic  ICS 

■  Alternate  Source  is  Philips/Signetics 

■  CD54HC/CD74HC  Types: 

2  to  6  V  Operation 

High  Noise  Immunity:  N,L  =  30%,  N,H  =  30%  of  VCc: 
@Vcc  =  5V 

■  CD54HCT/CD74HCT  Types: 

4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 

V,L  =  0.8  V  Max.,  V,H  =  2  V  Min. 
CMOS  Input  Compatibility 

!,<1fjA@  VOL,  Voh 


These  circuits  possess  the  low  power  consumption  usually 
associated  with  CMOS  circuitry,  yet  have  speeds 
comparable  to  low  power  Schottky  TTL  circuits  and  can 
drive  up  to  10  LSTTL  loads. 

The  CD54HC40102,  40103,  and  CD54HCT40102,  40103  are 
supplied  in  16-lead  hermetic  dual-in-line  ceramic  packages 
(F  suffix).  The  CD74HC40102,  40103  and  CD74HCT40102, 
40103  are  supplied  in  16-lead  dual-in-line  plastic  packages 
(E  suffix)  and  in  16-lead  dual-in-line  surface  mount  plastic 
packages  (M  suffix).  Both  types  are  also  available  in  chip 
form  (H  suffix). 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)   "0-^  to  +  7  V 

DC  INPUT  DIODE  CURRENT.  I*  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5V)   ±20mA 

DC  OUTPUT  DIODE  CURRENT,  !«  (FOR  V„  < -0.5  V  OR  V„  >  Vcc +0  5V)    ±20mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (U)  (FOR  -0.5  V  <  V„  <  Vcc  ♦  0.5V)   ±25mA 

DC  Vcc  OR  GROUND  CURRENT  (lCc)    ±50mA 

POWER  DISSIPATION  PER  PACKAGE  (P„): 

For  T.  =  -40  to  +60°  C  (PACKAGE  TYPE  E)    500  mW 

ForT,  =  +60  to +85°  C  (PACKAGE  TYPE  E)    Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -55  to  +  100°C  (PACKAGE  TYPE  F,  H)    500  mW 

For  TA  =  +100  to  +125°  C  (PACKAGE  TYPE  F,  H)    Derate  Linearly  at  8  mW/'C  to  300  mW 

For  Ta  =  -40  to  +70°  C  (PACKAGE  TYPE  M)    400  mW 

For  T«  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F.  H   -55  to  +125°  C 

PACKAGE  TYPE  E.  M    -40  to +85°  C 

STORAGE  TEMPERATURE  (T„„)    -65to+150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (mm  thickness  1/16  in  .  1.59  mm) 

with  solder  contacting  lead  tips  only    +300°  C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  is  always  within  the 
following  ranges: 


.  1 

CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  Ta  =  Full  Package  Temperature  Range)  VCC:* 
CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

V 

DC  Input  or  Output  Voltage  Vi,  Vo 

0 

VCC 

V 

Operating  Temperature  Ta: 

CD74  Types 

-40 

+85 

°c 

CD54  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Times,  tr,  tf 

at  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Fig.  1  ■  Logic  diagram  tor  the  CD54/74HC/HCT40102. 


TRUTH  TABLE 


CONTROL  INPUTS 

PRESET 
MODE 

ACTION 

MR 

PL 

PE 

TE 

1 

1 

1 

1 

Synchronous 

Inhibit  Counter 

1 

1 

1 

0 

Count  Down 

1 

1 

0 

X 

Preset  On  Next  Positive 
Clock  Transition 

1 

0 

X 

X 

Asynchronously 

Preset  Asynchronously 

0 

X 

X 

X 

Clear  to  Maximum  Count 

Notes: 

1.  0  =  Low  Level 
1  =  High  Level 
X  =  Don't  Care 

2.  Clock  Connected  to 
Clock  Input. 


3.  Synchronous  operation:    Changes  Occur  on 

Negative-to-Positive  Clock  Transitions. 

4.  Load  Inputs:    40102  BCD:    MSD  ==  P7,  P6,  P5,  P4  (P7  is  MSB) 

LSD  =  P3,  P2,  P1,  P0  (P3  is  MSB) 
40103  Binary:    MSB  =  P7,  LSB  =  P0 
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Fig.  2  -  Logic  diagram  for  the  CD54/74HC/HCT40103. 


Flip-Flop  detail. 
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STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC40T02-40103/CO54HC40T  02-40103 

CD74HCT40102-40103/CD54HCT40102-40103 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

54HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

S4HCT 
TYPE 

V, 
V 

lo 
mA 

Vcc 
V 

♦25°  C 

-40/ 
♦85°C 

-55/ 
*125°C 

V, 
V 

Vcc 
V 

♦25°C 

-40/ 
♦85°  C 

-55/ 
♦125-C 

Min 

Typ 

Max 

Mln 

Max 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High- Level 

Input  Voltage  V,H 

2 

1.5 

1.5 

1.5 

4  5 

to 

5.5 

2 

- 

- 

2 

- 

2 

- 

V 

45 

3.15 

3  15 

3  15 

6 

4.2 

4.2 

4.2 

Low- Level 

Input  Voltage  Vil 

2 

05 

05 

0.5 

4  5 

to 

5.5 

- 

- 

0.8 

- 

0  8 

- 

08 

V 

4.5 

- 

1.35 

1  35 

1.35 

6 

1  ft 

1  8 

1  A 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

V,L 

or 
v,„ 

-0.02 

2 

1.9 

19 

19 

V,L 

or 
v,„ 

4.5 

4.4 

4.4 

44 

V 

4  5 

4.4 

44 

4.4 

6 

59 

- 

- 

5  9 

- 

59 

- 

TTL  Loads 

v,t 

or 
V,„ 

-4 

-5.2 

VlL 

cr 

V,H 

4.5 

3.98 

3.84 

3.7 

V 

4.5 

398 

384 

3.7 

6 

5.48 

5.34 

5  2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Vil 
or 
V,„ 

002 

2 

0.1 

0.1 

0.1 

V,l 
or 

Vm 

4  5 

- 

- 

0.1 

- 

0.1 

- 

0  1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0  1 

0.1 

0.1 

TTL  Loads 

Vn 
or 
V,„ 

4 

52 

V,L 

or 
v,„ 

4  5 

0  26 

0  33 

0  4 

V 

4.5 

0.26 

0.33 

04 

6 

026 

0.33 

0.4 

Input  Leakage 
Current  I, 

Vcc 
or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5  5 

±0.1 

±1 

±1 

„A 

Quiescent  Device 
Current  lCc 

Vcc 
or 
Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5  5 

8 

80 

160 

fA 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc  -2.1 

4.5 
to 
5  5 

100 

360 

450 

490 

fA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  ■  5.5  V)  specification  is  1 .8  mA 
 HCT  Input  Loading  Table 


Input 

Unit  Loads  * 

P0-  P7 

0.20 

TE,  MR 

0.40 

CP 

0.60 

PE 

0.80 

PL 

1.35 

*  Unit  load  is  Alec  limit  specified  in  Static  Characteristic 
Chart,  e.g.,  360  /jA  max.  @  25°C.  
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SWITCHING  CHARACTERISTICS  (VCc  =  5V,T»=  25°  C,  Input  t„  t(  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

Cl 
(PF) 

TYPICAL  VALUES 

UNITS 

HC 

HCT 

Propagation  Delay 

CPtoTC  (Sync.  Preset) 

tpHL 
tpLH 

15 

25 

25 

ns 

CP  to  TC  (Async.  Preset) 

tpHL 
tpLH 

15 

25 

26 

ns 

TEtoTC 

tpHL 
tpLH 

15 

17 

21 

ns 

TLtoTC 

tpHL 
tpLH 

15 

23 

28 

ns 

MRtoTC 

tpHL 
tpLH 

15 

23 

23 

ns 

CP  Max.  Frequency 

fMAX. 

15 

25 

25 

MHz 

Power  Dissipation  Capacitance* 

CpD 

25 

27 

PF 

*Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
PD  =  Cpo  VCc2fi  +  CL  Vcc2  f»  where: 
fi  =  input  frequency, 
to  =  output  frequency. 
Cl  =  output  load  capacitance. 
Vcc  =  supply  voltage. 


MR  ■ 

TE  ■ 
Pi  ■ 
PL  ■ 


P4  ■ 
P5  ■ 


TC 


HC  /HCT40I02  COUNT 
HC/HCT40I03  COUNT 


if 


n 


Fig.  3  -  Timing  diagram  for  HC/HCT40102  and  HC/HCT40103. 
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PREREQUISITE  FOR  SWITCHING  FUNCTION 


25°  C 

-40  C  to  +85°  C 

-55  C  to  +125°  C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

CP  Pulse  Width 

tw 

2 

4.5 
6 

165 
33 
28 

— 

35 

— 

205 
41 

35 

44 

250 
50 
43 

— 

53 

— 

ns 

PL  Pulse  Width 

tw 

2 

4.5 
6 

125 
25 
21 

43 

155 

31 
26 

- 

54 

- 

190 
38 
32 

65 

ns 

MR  Pulse  Width 

tw 

2 

4.5 
6 

125 
25 
21 

- 



35 

- 

135 

31 

26 

- 



44 

- 

190 
38 

32 

- 

53 

- 

ns 

CP  Max.  Frequency* 

fcP(Max) 

2 

4.5 
6 

3 
15 
18 

14 

- 

2 
12 
14 

11 

- 

2 
10 
12 

- 
— 

9 

- 
— 

MHz 

2 

100 

20 
17 

- 

- 

125 
25 
21 

- 

- 

150 
30 
26 

Pto  CP  Setup  Time 

tsu 

4.5 
6 

— 

24 

30 

— 

— 

36 

— 

ns 

PEto  CP  Setup  Time 

tsu 

2 

4.5 
6 

75 
15 
13 

— 

20 

- 

95 
19 
16 

- 

25 

110 
22 
19 

30 

ns 

TE  to  CP  Setup  Time 

tsu 

2 

4.5 
6 

150 
30 
26 

— 

40 

- 

190 
38 
33 

- 
— 

50 

- 

225 
45 
38 

- 

60 

- 

— 

ns 

Pto  CP  Hold  Time 

tH 

2 

4.5 
6 

5 
5 
5 

5 

5 
5 
5 

5 

5 
5 
5 

- 

— 

5 

— 

ns 

TE  to  CP  Hold  Time 

tH 

2 

4.5 
6 

0 
0 
0 

- 

0 

0 
0 
0 

- 

0 

0 
0 
0 

0 

ns 

MR  to  CP  Removal  Time 

tHEM 

2 

4.5 
6 

50 
10 
9 

10 

65 
13 
11 

13 

75 
15 
13 

15 

ns 

PE  to  CP  Hold  Time 

C 

2 

4.5 
6 

2 
2 
2 

2 

2 
2 
2 

2 

2 
2 
2 

2 

ns 
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SWITCHING  CHARACTERISTICS  (C  =  50  pF,  Input  l„  1,  =  6  ns) 


25 

'C 

-40°Cto  +85° 

C 

-55°Cto 

+125" C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max 

Propagation  Delay 

tpLH 

2 

300 

375 

450 

CP  toTC 

tpHL 

4.5 

60 

60 

75 

75 

90 

90 

ns 

(Async  Preset) 

6 

51 

64 

77 

2 

300 

375 

_ 

450 

_ 

CPtoTC 

tpLH 

4.5 

60 

63 

75 

79 

90 

95 

ns 

(Sync  Preset) 

tpHL 

6 

51 

64 

77 

2 

200 

250 

300 

TEtotC 

tpLH 

4.5 

40 

50 

50 

63 

60 

75 

ns 

tpHL 

6 

34 

43 

51 

2 

275 

345 

415 

PLtoTC 

tpLH 

4.5 

55 

68 

69 

85 

83 

102 

ns 

tpHL 

6 

47 

59 

71 

2 

275 

345 

415 

MR  toTC 

tpLH 

4.5 

55 

55 

69 

69 

83 

83 

ns 

tpHL 

6 

47 

59 

71 

2 

75 

95 

110 

Output  Transition  Time 

tTLH 

4.5 

15 

15 

19 

19 

22 

22 

ns 

tTHL 

6 

13 

16 

19 

Input  Capacitance 

c, 

10 

10 

10 

10 

10 

10 

PF 

Noncascaded  operation  only.  With  cascaded  counters  clock-to-terminal  count  propagation  delays,  count  enables  (PE 
or  TE)-to-clock  SETUP  TIMES,  and  count  enables  (PE  or  TE)-to-clock  HOLD  TIMES  determine  max.  clock  frequency. 
For  example,  with  these  HC  devices: 

Cp  fMAx  =   ]   =   1   - 1 1  MHz 


CP-to-TC  prop  delay  +  TE-to-CP  Setup  Time  +  TE-to-CP  Hold  Time  60+30+0 


CP 

1,  ^ 

16 

vcc 

MR 

2 

1  5 

PE (STNCI 

TE 

3 

1  4 

TC 

PO 

4 

13 

P7 

P  I 

5 

12 

P6 

P2 

6 

1 1 

P5 

P3 

7 

10 

P4 

GN  0 

B 

» 

PL  (ASYNCI 

92CS- 38331 


TERMINAL  ASSIGNMENT 
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 =  1  10%  I  i  i 


T<:  10% 

90% 


92CS-38327 


  INPUT  LEVEL 

  GND 


/  INPUT  LEVEL 

  GND 

92CS-36330 


TE  90% 
'PHL 


10%  -|  _ 
90%  Nt_ 


'  TH  L  - 


INPUT  LEVEL 


r"  TLH 

92CS-38328 


"fc  ft 


INPUT  LEVEL 
GND 


—  INPUT  LEVEL 
  GND 


92CS-37968 


INPUTS 
P0-P? 

PE 


INPUT 
■LEVEL 


t|-*T"  'r«c  — 

iJf — \  )r 

 '  \  f    G 


INPUT 
■  LEVEL 


INPUT 
LEVEL 


 INPUT  LEVEL 


92CS-38329 


CD54/74HC 

CD54/74HCT 

Input  Level 

Vcc 

3  V 

Vs 

0.5  VCC 

1.3  V 

Transition  limes,  propagation  delay  times,  setup  and  hold  limes,  and  removal  limes. 
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High-Speed  CMOS  Logic 


OUTPUT 
ENABLE 


DSR 
MODE 
SELECT 


00 
Q1 
02 
03 


CLOCK  '  92CS-3B5I2 

FUNCTIONAL  DIAGRAM 


4-Bit  Universal  Bidirectional  Shift  Register 


Type  Features: 

■  Four  operating  modes:  shift  right, 
shift  left,  hold  and  reset 

■  Three-state  outputs 

■  Synchronous  parallel  or  serial  operation 

■  Typical  fMAx=50  MHz  @  Vcc  =  5  V,  CL  =  75  pF,  TA  =  25°  C 


The  RCA-CD54/74HC401 04  and  CD54/74HCT401 04  are  4- 
bit  shift  registers  with  3-state  bus  interface  capability.  In  the 
parallel  mode  (SO  and  S1  are  high),  data  is  loaded  into  the 
associated  flip-flop  and  appears  at  the  output  after  the 
positive  transition  of  the  clock  input.  During  parallel  loading 
serial  data  flow  is  inhibited.  Shift  left  and  Shift  right  are 
accomplished  synchronously  on  the  positive  clock  edge 
with  serial  data  entered  at  the  SHIFT  RIGHT  and  the  SHIFT 
LEFT  serial  inputs,  respectively.  Clearing  the  register  is 
accomplished  by  setting  both  mode  controls  low  and 
clocking  the  register.  When  the  output  enable  input  is  low, 
all  outputs  assume  the  high  impedance  state. 

The  CD54HC/HCT40104  are  supplied  in  16-lead  ceramic 
dual-in-line  packages  (F  suffix).  The  CD74HC/HCT40104 
are  supplied  in  16-lead  plastic  dual-in-line  packages  (E 
suffix),  also  in  16-lead  surface  mount  plastic  dual-in-line 
packages  (M  suffix).  These  types  are  also  available  in  chip 
form  (H  suffix). 


OE   

W  16 

 vcc 

DSR   

2 

IS 

 QO 

DO  

3 

14 

 Ql 

D  I  

4 

13 

 Q2 

D2  

5 

12 

'  Q3 

D3   

6 

1 1 

 CP 

DSL   

7 

10 

  SI 

6ND   

S 

9 

 SO 

92CS-38393RI 


TERMINAL  ASSIGNMENT 


Family  Features: 

■  Fanout  (over  temperature  range): 
Standard  outputs  -  10  LSTTL  loads 
Bus  driver  outputs  -  15  LSTTL  loads 

■  Wide  operating  temperature  range: 
CD74HC/HCT:    -40  to  +85" C 

■  Balanced  propagation  delay  and 
transition  times 

■  Significant  power  reduction  compared  to 
LSTTL  logic  ICs 

■  Alternate  source  is  Philips/Signetics 

■  CD54HC/CD74HC  types: 
2  to  6  V  operation 

High  noise  immunity:  NIL=30%,Nm=30%  of  Vcc; 
@  Vcc=5  V 
•  CD54HCT/CD74HCT  types: 
4.5  to  5.5  V  operation 
Direct  LSTTL  input  logic  compatibility 

VIL=0.8  V  max.,  Vm=2  V  mm. 
CMOS  input  compatibility 
/,  <  1  vA  @  Vol,  Voh 
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0SHO-?{>v 
D0O-^{> 


I  c 


vcc- 


r5h 

8 

-[J}-  c,-:pdj-4>^>^[|^i<>c 

G 
G 


GND  VCC 

A  i 


92CL— 38513R3 

F/g.  7  -  Log/c  diagram. 
TRUTH  TABLE 


CLOCK 

MODE  SELECT 

OUTPUT 
ENABLE 
OE 

ACTION 

SO 

81 

L 

L 

H 

Reset 

H 

L 

H 

Shift  right  (QO  toward  Q3) 

L 

H 

H 

Shift  left  (Q3  toward  QO) 

H 

H 

H 

Parallel  load 

X 

X 

X 

L 

Operations  occur  as  shown 
above,  but  outputs  assume  high 
impedance 
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L  =  Low  Voltage  Level 
H  =  High  Voltage  Level 


Technical  Data 


CD54/74HC40104 
CD54/74HCT40104 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE,  (Voc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT,  Iik  (FOR  Vi  <  0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  Iok  (FOR  Vo  <  -0.5  V  OR  Vo  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT,  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V0  <  Vcc  +0.5  V)  ±35  mA 

DC  Vcc  OR  GROUND  CURRENT,  (Ice)  ±70  mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  T«  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  500  mW 

ForT*  =  +60  to  +85° C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mW/'C  to  300  mW 

For  Ta  =  -55  to  +1 00"  C  (PACKAGE  TYPE  F,  H)   500  mW 

ForT»=  +100  to  +125°C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°C  to  300  mW 

For  T.  =  -40  to  +70°C  (PACKAGE  TYPE  M)   400  mW 

For  T»  =  +70  to  +125°C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F,  H  -55  to  +125°C 

PACKAGE  TYPE  E,  M  -65  to  +150°C 

STORAGE  TEMPERATURE  (T.,„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°  C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 
CD54/74HCT  Types 

2 
4.5 

6 

5.5 

V 

DC  Input  or  Output  Voltage,  V,,  V0 

0 

Vcc 

V 

Operating  Temperature,  TA: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°c 

Input  Rise  and  Fall  Times,  t„ti: 
at  2  V 
at  4.5  V 
at  6  V 

0 
0 
0 

1000 
500 
400 

ns 

"Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data . 


CD54/74HC40104 
CD54/74HCT40104 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTICS 

CD74HC401M/CD54HC40104 

CD74HCT40104/CD54HCT40104 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPE 

74HC 
TYPE 

S4HC 
TYPE 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPE 

74HCT 
TYPE 

54HCT 
TYPE 

V, 
V 

Ig 
mA 

'cc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125° C 

V, 
V 

Vcc 
V 

♦25°  C 

-40/ 
♦85°  C 

-55/ 
♦125°C 

Mln 

Typ 

M«t 

Mln 

Max 

Mln 

Ma« 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High- Level 

Input  Voltage  ViH 

1.5 

- 

- 

1.5 

- 

1.5 

- 

4.5 
5.5 

2 

2 

2 

V 

3.15 

— 

3.15 

3.15 

— 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  VlL 

- 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

- 

- 

0.8 

- 

0.8 

- 

0.8 

V 

4  5 

1.35 

1.35 

1.35 

6 

1  8 

1  n 

1  a 

High-Level 

Output  Voltage  Vom 
CMOS  Loads 

V,L 
or 
V,„ 

-0.02 

2 

1.9 

1.9 

1.9 

Vil 
or 
V,„ 

4.5 

4  4 

- 

- 

4.4 

- 

4.4 

- 

V 

4.5 

4.4 

- 

- 

4.4 

- 

4  4 

6 

5.9 

5.9 

5.9 

TTL  Loads 
(Bus  Drjver) 

«h 

or 

v,„ 

Vil 
or 
V,„ 

4.5 

3.98 

3.84 

3.7 

V 

-6 

4.5 

3.98 

3.84 

3.7 

-7.8 

6 

5  48 

5.34 

5.2 

Low-Level 

Output  Voltage  V» 
CMOS  Loads 

V,L 
or 
V,« 

0.02 

2 

0.1 

0.1 

0 

Vii 
or 
Vm 

4.5 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 
(Bus  Driver) 

Vn 
or 

V,M 

v.. 

or 
v,„ 

4.5 

ijj  V 

6 

45 

— 

0.26 

7.8 

6 

— 

0.26 

0  33 

04 

Input  Leakage 
Current  I, 

Vcc 
or 

Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  and 

Gnd 

5.5 

±0.1 

±1 

±1 

„A 

Quiescent  Device 
Current  Ice 

Vcc 
or 

Gnd 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

„A 

Additional 
Quiescent  Device 
Current  per 
Input  Pin: 

1  Unit  Load  Alec' 

Vcc  -2.1 

4.5 

to 

5.5 

100 

360 

450 

490 

«A 

3-State 

V,L 

V„= 

Vii. 

Leakage 
Current 

or 
V,„ 

Vcc 
ir  Gnd 

6 

±0.5 

±5 

±10 

or 
V,„ 

5.5 

±0.5 

±5 

±10 

fA 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V.  Vcc  =  5.5  V)  specification  is  1 .8  m A. 
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HCT  Input  Loading  Table 


Input 

Unit  Loads* 

OE 

1.4 

OSR,  DSL,  D0-D3 

0.3 

S1,  S2 

0.7 

CP 

0.3 

"Unit  load  is  A  Ice  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360 //A  max.  @25°C. 


SWITCHING  CHARACTERISTICS  (Vcc=5  V,  TA=25°C,  Input  t„t,=6  ns) 


TYPICAL 

CHARACTERISTIC 

SYMBOL 

VALUES 

UNITS 

HC 

HCT 

Maximum  Frequency  (CL  =  15  pF) 

f  MAX 

56 

50 

MHz 

Propagation  Delay:  (CL  =  15  pF) 
CPtoQn 

tpLH 
tpHL 

17 

18 

Output  Disable  Time 

tpLZ 
tpHZ 

14 

18 

ns 

Output  Enable  Time 

tpZL 
tpZH 

12 

12 

Power  Dissipation  Capacitance 

Cpd" 

84 

85 

pF 

*Cpo  is  used  to  determine  the  dynamic  power  consumption,  per  device. 
PD=CpD  Vcc2  fi  +  I  (C  Vcc2  to)  where:  fi=input  frequency 

fo=output  frequency 
CL=output  load  capacitance 
Vcc=supply  voltage 

Pre-requlslte  for  Switching  Function 


25 

C 

-40°  C  to  +85° 

C 

-55°  C  to 

+125 

"C 

CHARACTERISTIC 

SYMBOL 

VCC 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Maximum  Clock 

2 

6 

5 

4 

Frequency 

f  MAX 

4.5 

28 

25 

22 

20 

19 

17 

MHz 

6 

33 

26 

22 

Clock  Pulse 

2 

80 

100 

120 

Width 

t„ 

4.5 

16 

16 

20 

20 

24 

24 

6 

14 

17 

20 

Setup  Times  Dn, 

2 

80 

100 

120 

DSL,  DSR,  SI, 

tsu 

4.5 

16 

20 

20 

25 

24 

30 

ns 

and  SO  to  Clock 

6 

14 

17 

20 

Hold  Times  Dn, 

2 

2 

2 

2 

DSO,  DSI,  St, 

tH 

4.5 

2 

2 

2 

2 

2 

2 

and  SO  to  Clock 

6 

2 

2 

2 

Technical  Data 


CD54/74HC40104 
CD54/74HCT40104 


SWITCHING  CHARACTERISTICS  (CL=50  pF,  Input  t„t,=6  ns) 


25°  C 

-40°Cto  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Min. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Mln. 

Max. 

Min. 

Max. 

Propagation  Delay 

tpLH 

2 

200 

250 

300 

CP  to  Qn 

tpHL 

4.5 

— 

40 

42 

50 

53 

60 

63 

6 

34 

43 

51 

Output  Disable 

tPLZ 

2 

175 

219 

263 

Time 

tpHZ 

4.5 

35 

44 

44 

55 

53 

66 

6 

30 

37 

45 

ns 

Output  Enable 

tpZL 

2 

150 

188 

225 

Time 

tpZH 

4.5 

30 

30 

38 

38 

45 

45 

6 

26 

32 

38 

Output  Transition 

tTLH 

2 

60 

75 

90 

Time 

tTHL 

4.5 

12 

12 

15 

15 

18 

18 

6 

10 

13 

15 

3-State  Output 
Capacitance 

Co 

20 

20 

20 

20 

20 

20 

pF 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

 90 

 VS 

 10 


tf  =  6  ns 

90% 

% 


OUTPUT 
LOW  TO  OFF 


OUTPUT  HIGH 
TO  OFF 


*PZL 

^  vs 

—  10% 

fPZH 

OUTPUTS _ 
CONNECTED 


DISCONNECTED 


 VS 


.OUTPUTS 


CONNECTED 


INPUT  

LEVEL 
DO-D3,  DSL, 
DSR,  S1 ,  S2 


*  f7  / 

 H  I— —  <H(L) 


U-tsu(L)-- 


ISU(H) 


-  IH(H) 


92CS-385I5RI 


92CS-385I4 


Fig.  2  -  Output  enable  and  disable  times. 


Fig.  3  -  Setup  and  hold  times. 


54/74HC 

54/74HCT 

Input  Level 

VCC 

3  V 

Switching  Voltage,  Vs 

50%  VCc 

1.3  V 
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Technical  Data 


File  Number  1834 


CD54/74HC40105 
CD54/74HCT40105 


High-Speed  CMOS  Logic 


4-Bit  x  16-Word  FIFO  Register 


92CS-27282R3 

FUNCTIONAL  DIAGRAM 


Type  Features: 

■  Independent  asynchronous  inputs 
and  outputs 

■  Expandable  in  either  direction 

■  Reset  capability 

■  Status  indicators  on  inputs 
and  outputs 

■  3-state  outputs 

■  Shift-out  independent  of 
3-state  control 


Applications: 

■  Bit-rate  smoothing 

■  CPU/terminal  buffering 

■  Data  communications 

■  Peripheral  buffering 

■  Line  printer  input  buffers 

■  Auto-dialers 

■  CRT  buffer  memories 

■  Radar  data  acquisition 


The  RCA-CD54/74HC40105  and  CD54/74HCT40105  are 
high-speed  silicon-gate  CMOS  devices  that  are  compatible, 
except  for  "shift-out"  circuitry,  with  the  RCA-CD40105B. 
They  are  low-power  first-in-first-out  (FIFO)  "elastic"  storage 
registers  that  can  store  16  four-bit  words.  The  40105  is 
capable  of  handling  input  and  output  data  at  different 
shifting  rates.  This  feature  makes  it  particularly  useful  as  a 
buffer  between  asynchronous  systems. 

Each  word  position  in  the  register  is  clocked  by  a  control 
flip-flop,  which  stores  a  marker  bit.  A  "1"  signifies  that  the 
position's  data  is  filled  and  a  "0"  denotes  a  vacancy  in  that 
position.  The  control  flip-flop  detects  the  state  of  the 
preceding  flip-flop  and  communicates  its  own  status  to  the 
succeeding  flip-flop.  When  a  control  flip-flop  is  in  the  "0" 
state  and  sees  a  "1"  in  the  preceding  flip-flop,  it  generates  a 
clock  pulse  that  transfers  data  from  the  preceding  four  data 
latches  into  its  own  four  data  latches  and  resets  the 
preceding  flip-flop  to  "0".  The  first  and  last  control  flip-flops 
have  buffered  outputs.  Since  all  empty  locations  "bubble" 
automatically  to  the  input  end,  and  all  valid  data  ripple 
through  to  the  output  end,  the  status  of  the  first  control 
flip-flop  (DATA-IN  READY)  indicates  if  the  FIFO  is  full,  and 
the  statusofthe  last  flip-flop  (DATA-OUT  READY)  indicates 
if  the  FIFO  contains  data.  As  the  earliest  data  are  removed 
from  the  bottom  of  the  data  stack  (the  output  end),  all  data 
entered  later  will  automatically  propagate  (ripple)  toward 
the  output. 

Loading  Data 

Data  can  be  entered  whenever  the  DATA-IN  READY  (DIR) 
flag  is  high,  by  a  low  to  high  transition  on  the  SHIFT-IN  (SI) 
input.  This  input  must  go  low  momentarily  before  the  next 
word  is  accepted  by  the  FIFO.  The  DIR  flag  will  go  low 
momentarily,  until  the  data  have  been  transferred  to  the 
second  location.  The  flag  will  remain  low  when  all  16-word 
locations  are  filled  with  valid  data,  and  further  pulses  on  the 
SI  input  will  be  ignored  until  DIR  goes  high. 


Family  Features: 

■  Fanout  (Over  Temperature  Range): 
Standard  Outputs  -  10  LSTTL  Loads 
Bus  Driver  Outputs  -  15  LSTTL  Loads 

■  Wide  Operating  Temperature  Range: 
CD74HC/HCT:  -40  to  +85°C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  Power  Reduction  Compared  to  LSTTL 
Logic  ICs 

■  Alternate  Source  is  Philips/Signetics 
m  CD54HC/CD74HC  Types: 

2to6V  Operation 

High  Noise  Immunity:  Ml  =  30%,  Mh  =  30%  of  Vcc, 
@VCc  =  5V 

■  CD54HCT/CD74HCT  Types: 
4.5  to  5.5  V  Operation 

Direct  LSTTL  Input  Logic  Compatibility 
Vil  =  0.8  V  Max.,  Vm=2V  Min. 
CMOS  Input  Compatibility 
I,  <  1  iiA  @  Vol,  Voh 


Unloading  Data 

As  soon  as  the  first  word  has  rippled  to  the  output,  the 
data-out  ready  output  (DOR)  goes  HIGH  and  data  of  the 
first  word  is  available  on  the  outputs.  Data  of  other  words 
can  be  removed  by  a  negative-going  transition  on  the  shift- 
out  input  (SO).  This  negative-going  transition  causes  the 
DOR  signal  to  go  LOW  while  the  next  word  moves  to  the 
output.  As  long  as  valid  data  is  available  in  the  FIFO,  the 
DOR  signal  will  go  high  again,  signifying  that  the  next  word 
is  ready  at  the  output.  When  the  FIFO  is  empty,  DOR  will 
remain  LOW,  and  any  further  commands  will  be  ignored 
until  a  "1"  marker  ripples  down  to  the  last  control  register 
and  DOR  goes  HIGH. 


619 


If  during  unloading  SI  is  HIGH,  data  on  the  data  input  of  the 
FIFO  is  entered  in  the  first  location. 
Master  Reset 

A  high  on  the  MASTER  RESET  (MR)  sets  all  the  control 
logic  marker  bits  to  "0".  DOR  goes  low  and  DIR  goes  high. 
The  contents  of  the  data  register  are  not  changed,  only 
declared  invalid,  and  will  be  superseded  when  the  first  word 
is  loaded.  Thus,  MR  does  not  clear  data  within  the  register 
but  only  the  control  logic.  If  the  shift-in  flag  (SI)  is  HIGH 
during  the  master  reset  pulse,  data  present  at  the  input  (DO 
to  D3)  are  immediately  moved  into  the  first  location  upon 
completion  of  the  reset  process. 

3-Stale  Outputs 

In  order  to  facilitate  data  busing,  3-state  outputs  (Q0  to  Q3) 
are  provided  on  the  data  output  lines,  while  the  load 
condition  of  the  register  can  be  detected  by  the  state  of  the 
DOR  output._A_  HIGH  on  the  3-state  control  flag  (output 
enable  input  OE)  forces  the  outputs  into  the  high-impedance 
OFF-state  mode.  Note  that  the  shift-out  signal,  unlike  that  in 

MAXIMUM  RATINGS,  Absolute-Maximum  Values: 


STORAGE  TEMPERATURE  (T.w)  

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max. 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in.,  1.59  mm) 
with  solder  contacting  lead  tips  only  


the  RCA-CD40105B,  is  independent  of  the  3-state  output 
control.  In  the  CD40105B,  the  3-state  control  must  not  be 
shifted  from  High  to  Low  when  the  shift-out  signal  is  Low 
(data  loss  would  occur).  In  the  high-speed  CMOS  version 
this  restriction  has  been  eliminated. 
Cascading 

The  40105  can  be  cascaded  to  form  longer  registers  simply 
by  connecting  the  DIR  to  SO  and  DOR  to  SI.  In  the 
cascaded  mode,  a  MASTER  RESET  pulse  must  be  applied 
after  the  supply  voltage  is  turned  on.  For  words  wider  than 
four  bits,  the  DIR  and  the  DOR  outputs  must  be  gated 
together  with  AND  gates.  Their  outputs  drive  the  SI  and  SO 
inputs  in  parallel,  if  expanding  is  done  in  both  directions 
(see  Figs.  3  and  4). 

The  CD54HC40105  and  CD54HCT40105  are  supplied  in 
16-lead  hermetic  dual-in-line  frit-seal  ceramic  packages  (F 
suffix).  The  CD74HC40105  and  CD74HCT40105  are  sup- 
plied in  1 6-lead  dual-in-line  plastic  packages  (E  suffix)  and 
in  16-lead  dual-in-line  surface-mount  plastic  packages  (M 
suffix).  Both  types  are  also  available  in  chip  form  (H  suffix). 


 -0.5  to  +7  V 

 ±20  mA 

 ±20  mA 

 ±25  mA 

 ,  ±50  mA 

 500  mW 

 Derate  Linearly  at  8  mW/°C  to  300  mW 

 500  mW 

 Derate  Linearly  at  8  mW/°C  to  300  mW 

 400  mW 

 Derate  Linearly  at  6  mW/°C  to  70  mW 

 -55  to  +125°  C 

 -40  to  +85°  C 

 -65  to  +150°  C 

 ,  ]   +265°C 

  +300° C 


DC  SUPPLY-VOLTAGE,  (Vcc): 

(Voltages  referenced  to  ground)  

DC  INPUT  DIODE  CURRENT,  Iik  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  

DC  OUTPUT  DIODE  CURRENT,  lo«  (FOR  V„  <  -0.5  V  OR  V0  >  Vcc  +0.5  V)  . 
DC  DRAIN  CURRENT,  PER  OUTPUT  (l„)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)  . . . 

DC  Vcc  OR  GROUND  CURRENT  (Ice)  

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40  to  +60°  C  (PACKAGE  TYPE  E)  

For  Ta  =  +60  to  +85°  C  (PACKAGE  TYPE  E)  

For  Ta  =  -55  to  +100°C  (PACKAGE  TYPE  F,  H)   

For  T»  =  +100  to  +125°  C  (PACKAGE  TYPE  F,  H)  

ForT,  =  -40  to +70°  C  (PACKAGE  TYPE  M)   

ForT,  =  +70  to  +125°C  (PACKAGE  TYPE  M)   

OPERATING-TEMPERATURE  RANGE  (Ta): 

PACKAGE  TYPE  F,  H  

PACKAGE  TYPE  E,  M  


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 





CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (ForTA=Full  Package  Temperature  Range) 

Vcc:* 

CD54/74HC  Types 

2 

6 

V 

CD54/74HCT  Types 

4.5 

5.5 

DC  Input  or  Output  Voltage,  Vi,  V0 

0 

Vcc 

V 

Operating  Temperature,  T»: 

CD74  Types 

-40 

+85 

"C 

CD54  Types 

-55 

+  125 

Input  Rise  and  Fall  Times,  t„t(: 

at2V 

0 

1000 

at  4.5  V 

0 

500 

ns 

at6V 

0 

400 

•Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Fig.  1  -  Functional  block  diagram. 
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Technical  Data  

CD54/74HC40105 
CD54/74HCT40105 


STATIC  ELECTRICAL  CHARACTERISTICS 

■ 


CHARACTERISTIC 

CD74HC40105/CD54HC40105 

CO74HCT40105  CD54HCT4010S 

UNITS 

TEST 
CONDITIONS 

74HC/54HC 
TYPES 

74HC 
TYPES 

54HC 
TYPES 

TEST 
CONDITIONS 

74HCT/54HCT 
TYPES 

74HCT 
TYPES 

54HCT 
TYPES 

Vi 
V 

lo 

mA 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+125°C 

V, 
V 

Vcc 
V 

+25°  C 

-40/ 
+85°  C 

-55/ 
+12S°C 

Mln 

Typ 

Max 

Mln 

M« 

Mln 

Max 

Mln 

Typ 

Max 

Mln 

Max 

Mln 

Max 

High-Level 

Input  Voltage  Vih 

2 

1.5 

1.5 

1.5 

4.5 
to 
5.5 

2 

2 

2 

4.5 

3.15 

3.15 

3.15 

6 

4.2 

4.2 

4.2 

Low-Level 

Input  Voltage  Vil 

2 

- 

0.5 

0.5 

0.5 

4.5 
to 
5.5 

_ 

— 

0.8 

— 

0.8 

0.6 

4.5 

1.35 

1.35 

1.35 

6 

1.8 

1.8 

1.8 

High-Level 

Output  Voltage  Voh 
CMOS  Loads 

Vil 
or 
Vih 

-0.02 

2 

1.9 

1.9 

1.9 

V,L 

or 
Vih 

4.5 

4.4 

- 

- 

4.4 

- 

4  4 

- 

V 

4.5 

4.4 

4.4 

4.4 

6 

5.9 

5.9 

5.9 

TTL  Loads 

Vil 
or 
V,„ 

Vil 
or 
V,„ 

4.5 

3.98 

- 

- 

3.84 

- 

3.7 

- 

V 

-4 

4.5 

3.98 

3.84 

3.7 

-5.2 

6 

5.48 

5.34 

5.2 

Low-Level 

Output  Voltage  Vol 
CMOS  Loads 

Vil 
or 
Vih 

0.02 

2 

0.1 

0.1 

0.1 

V,l 
or 
V,„ 

4.6 

0.1 

0.1 

0.1 

V 

4.5 

0.1 

0.1 

0.1 

6 

0.1 

0.1 

0.1 

TTL  Loads 

V,L 

or 

Vih 

Vil 
or 
V,H 

4.5 

0.26 

0.33 

0.4 

V 

4 

4.5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 

Current  h 

Vcc 

or 
Gnd 

6 

±0.1 

±1 

±1 

Any 
Voltage 
Between 
Vcc  &  Gnd 

5.5 

±0.1 

±1 

±1 

fiA 

Quiescent 

Device  Current  Ice 

Vcc 
or 
Ond 

0 

6 

8 

80 

160 

Vcc 
or 
Gnd 

5.5 

8 

80 

160 

Additional 

Quiescent  Device 

Current  per  input 

pin:  1  unit  load  Alec' 

Vcc  -2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

i/A 

3-State  Leakage 
Current  loz 

V,L 

or 
V,„ 

Vo=Voe 

or 
Gnd 

6 

±0.5 

±5 

±10 

Vil 
or 
V,„ 

5.5 

±0.5 

±5 

±10 

/*A 

•For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1 .8  mA. 


HCT  Input  Loading  Table 


Input 

Unit  Loads* 

OE 

0.75 

SI,  SO 

0.4 

Dn 

0.3 

MR 

1.5 

'Unit  Load  is  Alec  limit  specified  in  Static  Characteristics 
Chart,  e.g.,  360  //A  max.  @  25°  C. 


622 


SWITCHING  CHARACTERISTICS  (VCc  =  5  V,  TA  =  25° C,  Input  lr,t|  =  6  ns) 


CHARACTERISTIC 

SYMBOL 

Cl 

TYPICAL 

UNITS 

<PF) 

HC 

HCT 

Pronanatinn  Dplav 
MR  to  DIR,  DOR 

 tpLH 

tpHL 

15 

15 

SO  to  Qn 

15 

35 

35 

ns 

SI  to  DIR 

tpML 

18 

18 

SO  to  DOR 

18 

18 

Maximum  SI,  SO  Frequency 

fmax- 

15 

32 

32 

MHz 

Power  Dissipation  Capacitance* 

Cpd 

83 

83 

PF 

•Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  package. 
PD  =  Cpd  Vcc2  fi  +  I  (Cl  Vcc2  U)  where:   fi  =  input  frequency 

f0  =  output  frequency 
CL  =  output  load  capacitance 
Vcc  =  supply  voltage 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 


LIMITS 

TEST 

25°  C 

-40°Cto  +85° 

C 

-55°Cto+125°C 

CHARACTERISTIC 

CONDITIONS 

HC 

HCT 

74HC 

74HCT 

54HC 

54HCT 

UNITS 

Vcc(V) 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

SI  Pulse  Width: 
HIGH  or  LOW 

tw 

Fig.  6 

2 

4.5 
6 

80 
16 
14 

16 

100 
20 
17 

20 

120 
24 
20 

24 

SO  Pulse  Width 
HIGH  or  LOW 

t. 

Fig.  7 

2 

4.5 
6 

120 
24 
20 

16 

150 
30 
26 

20 

180 

36 
31 

24 

DIR  Pulse  Width 
HIGH  or  LOW 

tw 

Fig.  6 

2 

4.5 
6 

200 
40 
34 

40 

250 
50 
43 

50 

300 
60 
51 

60 

DOR  Pulse  Width 
HIGH  or  LOW 

t. 
Fig.  7 

2 

4.5 
6 

200 
40 
34 

40 

250 
50 
43 

50 

300 
60 
51 

60 

ns 

MR  Pulse  Width 
HIGH 

t» 

Fig.  5 

2 

4.5 
6 

120 
24 
20 

24 

150 
30 
26 

30 

180 
36 
31 

36 

Removal  Time 
MR  to  SI 

tpEM 

Fig.  12 

2 

4.5 
6 

50 
10 
9 

15 

65 
13 
11 

19 

75 
15 
13 

22 

Setup  Time 
Dn  to  SI 

tsu 
Fig.  13 

2 

4.5 
6 

5 
5 
5 

0 

5 
5 
5 

0 

5 
5 
5 

0 

Hold  Time 
Dn  to  SI 

tH 
Fig.  13 

2 
4.5 
6 

125 
25 
21 

25 

155 

31 

26 

31 

190 
38 
32 

38 

Maximum  Pulse 
Frequency 
SI,  SO 

f  MAX 

Figs.  6,  7 

2 

4.5 
6 

3 
15 
18 

15 

2 
12 
14 

12 

2 

10 
12 

10 

MHz 
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SWITCHING  CHARACTERISTICS  (Cl  =  50  pF,  Input  t„t,  =  6  ns) 


LIMITS 

CHARACTERISTIC 

vcc 

(V) 

25°  C 

-40°Cto+85°C 

-55°  CM 

+125° C 

HC 

HCT 

74HC 

74HCT 

54HC 

54  HCT 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Uav 

Max. 

Uln 

Mln. 

Uav 

Max. 

Min. 

Uav 

Max. 

Uln 

Mm. 

Uav 

Max. 

Propagation  Delay, 

tpHL 

o 
p 

175 

220 

265 

tpLM 

4.5 

35 

36 

44 

45 

53 

54 

Mrl  tO  UIH,  UUn 

Fig.  5 

g 

on 
oU 

•it 

Propagation  Delay, 

tpHL 

is 

210 

265 

315 

4.5 

— 

42 

42 

— 

53 

53 

63 

63 

O. 1  *«  P\  1  D 

ol  tO  Uln 

Fig.  6 

g 

36 

45 

54 

Propagation  Delay, 

tpHL 

210 

31 5 

o 
m 

265 

4.5 

42 

42 

53 

53 

63 

63 

oU  tO  UUn 

Fig.  7 

g 

JO 

/Id 
40 

04 

Propagation  Delay, 

tpHL 

Q 
P 

400 

500 

600 

tpLH 

4.5 

80 

~ 

80 

100 

100 

120 

120 



SO  to  Qn 

rig.  o 

g 

68 

85 

1 02 

Propagation  Delay/ 

tpLH 

O 
£. 

2000 

2500 

3000 

Ripple  thru  Delay 

4.5 

400 

400 

500 

500 

600 

600 

SI  to  DOR 

Fig.  9 

c 
D 

340 

425 

510 

Propagation  Delay/ 

tpLH 

4, 

2500 

— 

3125 

3750 

Ripple  thru  Delay 

4.5 



500 

— 

500 

— ■ 

625 



625 

— 

750 



700 

SO  to  DIR 

Fig.  10 

D 

425 

532 

638 

Propagation  Delay/ 

tpHL 

n 
C 

1500 

1900 

2250 

— 

Ripple  thru  Delay 

tpLH 

4.5 



300 

— 

300 

— 

380 



380 

— 

450 



450 

SI  to  Qn 

O 

260 

330 

380 

3-State  Output 

tpZH 

2 

150 

- 

- 

"T 

190 

— 

225 

Enable 

tpZL 

4.5 



30 

— 

35 

— 

38 



44 

— 

45 



'01 

OEto  Qn 

Fig.  11 

6 



26 

— 

— 

— 

33 



— 

— 

38 



— 

3-State  Output 

tpHZ 

2 

140 

175 

210 

Disable 

tPLZ 

4.5 

28 

30 

35 

38 

42 

45 

OEto  Qn 

Fig. 11 

6 

24 

30 

36 

Output  Transition 

tTHL 

2 

75 

95 

110 

Time 

tTLH 

4.5 

15 

15 

19 

19 

22 

22 

Fig.  8 

6 

13 

16 

19 

Input  Capacitance 

C, 

10 

10 

10 

10 

10 

10 

3-State  Output  Capacitance  Co 

15 

15 

15 

15 

15 

15 

UNITS 


pF 


St 

DOR 

DO 

00 

a 

D2 

40,05  « 

D3 

Q3 

Dl  R 

MR  SO 

1  £ 


DIR    MR  SO 


Q0  - 
01  - 
Q2  - 
Q3- 


*MASTER  RESET  pulse  must  be  applied  when 
cascading  by  16  N  bits. 


92CS-40243 


Fig.  3  -  Expansion,  4-bits  wide  by  16  N-bits  long. 


Technical  Data 


CD54/74HC40105 
CD54/74HCT40105 


*Pulse  must  be  applied  for  cascading  by  16  N  bits.  92CM-2834  6RI 

fig.  4  -  Expansion,  8-bits  wide  by  16  N-bits  long  using  HC/HCT40105. 
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fig.  5  -  Waveforms  showing  the  MR  input  to  DIR. 
DOR  output  propagation  delays  and  the 
MR  pulse  width. 


Fig.  6  -  Waveforms  showing  the  SI  input  to  DIR  output 
propagation  delay.  The  SI,  DIR  pulse  widths 
and  SI  maximum  pulse  frequency. 


58  input    ^  - 


r 


\  i 


92CS-4025S 


Fig.  7  -  Waveforms  showing  the  SO  input  to  DOR 
output  propagation  delay.  The  SO.  DOR 
pulse  widths  and  SO  maximum 
pulse  frequency. 


S3  input  Ivs 


Q„  output 


~H  'PLH  H~  'PHL.}*- 

-H  r— tTLH  -i^U— t. 


w — 'thl 

92CS-402S4 


fig.  8  -  Waveforms  showing  SO  input  to  On 
output  propagation  delays  and 
output  transition  time. 
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Technical  Data 


CD54/74HC40105 
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Fig.  9  -  Waveforms  showing  the  SI  input  to  DOR 
output  propagation/ripple-through  delay. 


Fig.  10-  Waveforms  showing  the  SO  input  to  DIR 
output  propagation/ripple-through  delay. 
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Fig.  12  -  Waveforms  showing  the  MR  input  to  SI 
input  removal  time. 


Fig.  1 1  -  Waveforms  showing  the  3-state  enable 
and  disable  times  for  input  OE. 


D„ INPUT 


NOTE 

THE  SHADED  AREAS  INDICATE  WHEN  THE  INPUT 
IS  PERMITTED  TO  CHANGE  FOR  PREDICTABLE 
OUTPUT  PERFORMANCE •  92CS-40250 


Fig.  13  -  Waveforms  showing  hold  and  set-up 
times  for  D„  input  to  SI  input. 
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3  V 

Switching  Voltage,  Vs 

50%  Vcc 

1.3  V 

Technical  Data 


CD54/74HC40105 
CD54/74HCT40105 


•  DATA  VALID  GOES  TO  HIGH  LEVEL  IN  ADVANCE  OF  THE  DATA  OUT 
BY  A  MAXIMUM  OF  38  nt  AT  VCC  =  <•»  ».         CL  =  50  pF  AND  TA  =  25'C 


r      MASTER  |~l 
RESET   1 


SHIFT  IN 
(DATA  VALID) 


INPUTS  < 


 ni_|i|TjT|T.injL"i"iT"irL' 


i    SHIFT-OUT  PULSEst 
pHAVE  NO  EFFECT-" " 

ICLkVcW  lTlT(jtrlf™^^ 

OUTPUT  READY 
[ DATA  VALID)   1 


DATA  IN  r 

(D„)   TflU 


Umruru 


^SHIFT-IN  PULSES 
HAVE  NO  EFFECT 


«  180  ns*- 


-J 


rrj — j  n. 


10      II      100110  101010 


ENABLE) 

DATA  OUT*  (UNKNOWN )   

*  AT  VCC  "  4.5  V  -  RIPPLE  TIME  FROM  POSITION  1  TO  POSITION  16. 
A   AT  VCC  =  4.5  V  -  RIPPLE  TIME  FROM  POSITION  16  TO  POSITION  1. 


I        Oil  10 


HIGH 
Z 


92CS-  29233  Rl 


Fig.  14  -  Timing  diagram  for  the  CD54/74HC/HCT40105. 
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Technical  Data 


CD54/74HCU04 


File  Number  1655 


High-Speed  CMOS  Logic 


3 

s 

15 


FUNCTIONAL  DIAGRAM 
AND  TERMINAL  ASSIGNMENT 


Hex  Inverter 


Type  Features: 

■  Typical  propagation  delay=6  ns  @  Vcc=5  V 
Ct=15  pF,  rA=25°C,  fastest  part  in  QMOS  line 

■  Wide  operating  temperature  range: 
CD74HCU04:  -40°  C  to  +85°  C 

■  Balanced  Propagation  Delay  and  Transition  Times 

■  Significant  power  reduction  compared  to  LSTTL  logic  ICs 

■  Alternate  source  is  Philips/Signetics 


The  RCA-CD54/74HCU04  unbuffered  hex  inverter  utilizes 
silicon-gate  CMOS  technology  to  achieve  operating  speeds 
similar  to  LSTTL  gates  with  the  low  power  consumption  of 
standard  CMOS  integrated  circuits.  These  devices  are 
especially  useful  in  crystal  oscillator  and  analog  appli- 
cations. Figs.  4  and  5  are  supplied  as  design  information  for 
the  above  applications. 

The  CD54HCU04  is  supplied  in  14-lead  hermetic  dual- 
in-line  ceramic  packages  (F  suffix).  The  CD74HCU04  is 
supplied  in  14-lead  dual-in-line  plastic  packages  (E  suffix). 
The  CD74HCU04  is  supplied  in  14-lead  dual-in-line  surface 
mount  plastic  packages  (M  suffix).  These  types  are  also 
available  in  chip  form  (H  suffix). 


i  CD54HCU04/CD74HCU04  types: 
2  to  6  V  operation 
High  noise  immunity:  NIL=20°/o, 

WIH=30%  of  Vcci  @  Vcc=5  V 
CMOS  input  compatibility 
l,<1  tiA@  Vou  Voh 


92CS-383B7RI 


ni 


(3,5,9,11.13)  lO  f  |  O2<4.6,8,l0.l2) 


9ECS-38375RI 


Fig.  1  -  Logic  diagram. 


Fig.  2  -  Inverter  schematic. 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 
DC  SUPPLY-VOLTAGE.  (Vcc): 

(Voltages  referenced  to  ground)  -0.5  to  +7  V 

DC  INPUT  DIODE  CURRENT.  In  (FOR  V,  <  -0.5  V  OR  V,  >  Vcc  +0.5  V)  ±20  mA 

DC  OUTPUT  DIODE  CURRENT,  lot  (FOR  V,  <  -0.5  V  OR  V„  >  Vcc  +0.5  V)   ±20  mA 

DC  DRAIN  CURRENT.  PER  OUTPUT  (lo)  (FOR  -0.5  V  <  V„  <  Vcc  +0.5  V)   ±25  mA 

DC  Vcc  OR  GROUND  CURRENT,  (lCc)  ±50  mA 

POWER  DISSIPATION  PER  PACKAGE  (PD): 

For  T»  =  -40  to  +60"  C  (PACKAGE  TYPE  E)  500  mW 

For  T»  =  +60  to  +85°C  (PACKAGE  TYPE  E)  Derate  Linearly  at  8  mVI/'C  to  300  mW 

For  T»  =  -55  to  +100-C  (PACKAGE  TYPE  F,  H)   500  mW 

For  T,  =  +1 00  to  +1 25"  C  (PACKAGE  TYPE  F,  H)  Derate  Linearly  at  8  mW/°  C  to  300  mW 

For  T»  =  -40  to  +70°  C  (PACKAGE  TYPE  M)   400  mW 

For  T,  =  +70  to  +125-C  (PACKAGE  TYPE  M)   Derate  Linearly  at  6  mW/°C  to  70  mW 

OPERATING-TEMPERATURE  RANGE  (T»): 

PACKAGE  TYPE  F.  H   -55  to  +125°  C 

PACKAGE  TYPE  E.  M  -40  to  +85°  C 

STORAGE  TEMPERATURE  (T.„)  -65  to  +150°C 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  ±  1/32  in.  (1.59  ±  0.79  mm)  from  case  for  10  s  max   +265°C 

Unit  inserted  into  a  PC  Board  (min.  thickness  1/16  in..  1.59  mm) 
with  solder  contacting  lead  tips  only   +300°  C 


RECOMMENDED  OPERATING  CONDITIONS 

For  maximum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  within 
the  following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Voltage  Range  (For  TA=Full  Package  Temperature  Range) 

Vcc:* 

2 

6 

V 

DC  Input  or  Output  Voltage,  Vt,  V0 

0 

Vcc 

V 

Operating  Temperature,  TA: 
CD74  Types 
CD54  Types 

-40 
-55 

+85 
+125 

°c 

Input  Rise  and  Fall  Times,  t„t(: 
at  2  V 
at  4.5  V 
at  6  V 

I  

0 
0 
0 

1000 
500 
400 

ns 

"Unless  otherwise  specified,  all  voltages  are  refer?~.ced  to  Ground. 


STATIC  ELECTRICAL  CHARACTERISTICS 


CHARACTERISTIC 

TEST  CONDITIONS 

CD54HCU04 
CD74HCU04 

CD74HCU04 

CDS4HCU04 

UNITS 

Vi 

V 

■O 
mA 

vcc 

u 
V 

+25°  C 

-40°Cto  +85°  C 

-55°Cto+125°C 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

H  igh-Level 

Input  Voltage  Vw 

- 

O 

£ 

1 .7 

1 .7 

1 .7 

V 

A  ^ 

3  6 

3.6 

3  6 

D 

A  ft 

4  8 

4  8 

Low-Level 

Input  Voltage  V,L 

— 

o 

c. 

0  3 

0  3 

0  3 

A  £. 

0  8 

0  8 

0  8 

e 
D 

1 

■(  1 

High-Level 

Output  Voltage  Vox 

V|L 

or 

V|H 

n  no 

\J.\J£. 

O 

£ 

1  § 

1 .8 

1  Q 

A  R 

4 

4 

4 

O 

5.5 

— 

5.5 

5.5 

Vcc  or 
Gnd 

-4 

4.5 

3.98 

3.84 

— 

3.7 

— 

-5.2 

6 

o.*to 

I!  9 

Low-Level 

Output  Voltage  Vol 

VlL 

or 
V,H 

0.02 

0.2 

0.2 

0.2 

4.5 

0.5 

0.5 

0.5 

6 

0.5 

0.5 

0.5 

Gnd 

4 

4  5 

0.26 

0.33 

0.4 

5.2 

6 

0.26 

0.33 

0.4 

Input  Leakage 

Current  1, 

Vcc 
or 

Gnd 

6 

±0.1 

±1 

±1 

Quiescent 
Device 

Current  Ice 

Vcc 
or 
Gnd 

0 

6 

2 

20 

40 

SWITCHING  CHARACTERISTICS  (Vcc  -  5  V,  Ta  -  25°  C,  Input  t„  t,  =  6  ns) 


TYPICAL 

CHARACTERISTIC 

SYMBOL 

VALUES 

UNITS 

CDS4/74U04 

Propagation  Delay,  Data  Input  to  Output  Y  (Fig.  3) 
(Cl=15  pF) 

tpLH 
tpHL 

5 

ns 

Power  Dissipation  Capacitance* 

Cpd 

14 

PF 

'Cpd  is  used  to  determine  the  dynamic  power  consumption,  per  inverter  when: 
Pd=VCc2  fi  (Cpd  +  CL)  where  f,=input  frequency 

CL  =  oulput  load  capacitance 
VCc=supply  voltage 


SWITCHING  CHARACTERISTICS  (C=50  pF,  Input  t„t,=6  ns) 


25°  C 

-40"Cto  +85°  C 

-55°Cto+125°C 

CHARACTERISTIC 

SYMBOL 

Vcc 

CD54/74HCU04 

CD74HCU04 

CD54HCU04 

UNITS 

Mln. 

Max. 

Mln. 

Max. 

Mln. 

Max. 

Propagation  Delay 

tPLH 

2 

70 

90 

105 

Input  to  Output 

tPHL 

4.5 

14 

18 

21 

(See  Fig.  3) 

6 

12 

15 

18 

ns 

Transition  Times 

tTLM 

2 

75 

95 

110 

(Fig.  3) 

tTML 

4.5 

15 

19 

22 

6 

13 

16 

19 

Input  Capacitance 

C, 

See  F 

ig.  5 

630 


Technical  Data 


CD54/74HCU04 


92CS-5B3T7 


Fig.  3  -  Propagation  delay  and  transition  times. 


DESIGN  INFORMATION  FOR  CRYSTAL  OSCILLATOR 
AND  ANALOG  APPLICATIONS 


Fig.  4  -  Typical  inverter  supply  current  as 
a  function  ot  input  voltage. 


Fig.  5  -  Input  capacitance  as  a  function  of  input  voltage. 


Preview  Data 


The  types  shown  in  the  Preview  Data  section  contain  information  on  a  product  under 
development.  RCA  reserves  the  right  to  change  or  discontinue  this  product  without 
notice. 


CD54HCT1 37/74HCT1 37 


with  Address  Latch 


A0  

I  I6 

—  VCC 

A  |   

—  *o 

A  2   J 

Yl 

LE   

4  13 

1  T2 

ol,   

S  12 

—  v3 

OEo   

6  II 

 *4 

Y7   

7  IO 

—  *5 

6ND  1 

8  9 

 »6 

92CS- 

38293 

TERMINAL  ASSIGNMENT 

TRUTH  TABLE 

INPUTS 

OUTPUTS 

LE 

OEo 

OE1 

A2 

A1 

Ao 

Yo 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

H 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

X 

X 

X 

* 

=  Depends  upon  the  address  previously  applied  while  LE  was  at  a 
logic  low.  


Typical  Switching  Characteristics  (Vcc  =  5V.  GND  =  ov.  tr  =  tf  =  6ns) 


CHARACTERISTICS 

15pF 

50pF 

UNITS 

54/74HC/HCT 

54/74HC/HCT 

Propagation  Delay  Time 
A  to  Y 

tPHL 
tPLH 

20 
14 

23 
16 

OE,  to  Y 

tPHL 
tPLH 

15 
11 

18 
12 

ns 

OE0  to  Y 

tPHL 
tPLH 

16 
12 

18 
14 

LE  to  Y 

tPHL 
tPLH 

21 
14 

24 
17 

634 


.Preview  Data 


CD54/74HC237 
CD54/74HCT237 


A0  

1 

16 

 vcc 

A,  

2 

13 

—  *0 

A  2  

3 

14 

—  f\ 

LE   

4 

13 

  *2 

OE  ,   

5 

12 

  *3 

0F0  

6 

II 

  *4 

*7  

7 

10 

—  v5 

GNO  

8 

9 

—  v6 

92CS-38295 


TERMINAL  ASSIGNMENT 


3-to-8  Line  Decoder/Demultiplexer 
with  Address-Latches 


TRUTH  TABLE 

INPUTS 

OUTPUTS 

LE 

OE0 

OE, 

A2 

A, 

Ao 

Yo 

Y, 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

X 

X 

H 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

X 

L 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

L 

X 

X 

X 

•  =  Depends  upon  the  address  previously. 
applied  while  LE  was  at  a  logic  low,  


Typical  Switching  Characteristics  (Vcc  =  5V,  GND  =  OV,  tr  =  tf  =  6ns) 


CHARACTERISTICS 

15pF 

50pF 

UNITS 

54/74HC/HCT 

54/74HC/HCT 

Propagation  Delay  Time 
A  to  Y 

tPHL 
tPLH 

15 
20 

18 
22 

OE,  to  Y 

tPHL 
tPLH 

12 
17 

14 
19 

ns 

OE0  to  Y 

tPHL 
tPLH 

16 
17 

18 
19 

LE  to  Y 

tPHL 
tPLH 

16 
21 

18 
24 

635 


Preview  Data 


CD54HC597/74HC597  8-Bit  Serial-  or  Parallel 

CD54HCT597/74HCT597  Input/Serial-Output  Shift 

Register  with  Input  Storage 


Typical  Switching  Characteristics  (Vcc  =  5V,  GND  =  OV,  tr  =  tf  =  6ns) 




CHARACTERISTICS 

15pF 

50pF 

UNITS 

54/74HC/HCT 

54/74HC/HCT 

Propagation  Delay  Time 

Shift  Clock  to  Qh             PHL'  PLH 

14 

17 

ns 

Storage  Clock  to  Qh          tpHL.  tp|_H 

21 

24 

Parallel  Load  to  Qh            tpHL.  4PLH 

14 

17 

B 

1 

16 

— vcc 

C 

2 

15 

 A 

D 
E 

3 
4 

H 

13 

  SA 

SERIAL  SHIFT/ 
  PARALLEL  LOAD 

r 

5 

12 

 STORAGE  CLOCK 

6 

6 

11 

 SHIFT  CLOCK 

H 

7 

10 

 RESET 

GND 

e 

9 

—  QH 

92CS-38310 


TERMINAL  ASSIGNMENT 


 Preview  Data 

CD54/74HC4016,  CD54/74HCT4016      Quad  Bilateral  Switch 


IN/OUT  _L 
SIG  A 

—  vcc 

OUT/IN  — 

3  CONT  A 

OUT/IN  — 
SIG  B 

—  CONT  0 

IN/ OUT  — 

IN/OUT 
SIG  0 

CONT  B  — 

—  OUTIIN 

CONTC  — 

9 

—  OUT/IN 
SIG  C 

GND  — 

8 

—  IN/OUT 

92CS  36867 

TERMINAL  ASSIGNMENT 

Dynamic  Electrical  Characteristics  @  Ta  =  25 °C,  Vcc  =  5  V,  tr,  tf  =  6  ns 


Symbol 

Parameter 

Test  Conditions 

Typical 

Units 

tPHL'lPLH 

Propagation  Delay: 

Sw.  Input  to  Output 

Cl  =  15  pF 
Cl  =  50  pF 

3 

5 

ns 
ns 

Turn-On  Delay 
and  Turn-Off  Delay* 

Cl  =  15  pF 
CL  =  50  pF 

6 
8 

ns 
ns 

Ron 

On-State  Resistance 

FtL  =  1  KQ 

Cl  =  50  pF 

200 

Q 

•Turn-On  measured  50%  to  50%,  Turn-Off  measured  50%  to  10%. 


Preview  Data 


CD54HC4316/74HC4316      Quad  Analog  Switch/Multiplexer/ 
CD54HCT4316/74HCT4316   Demultiplexer  with  Separate 

Analog  and  Digital  Power  Supplies 


-vcc 

A  ON/OFF 
~  CONTROL 
_  D  ON/OFF 

CONTROL 

-  *e 
-*$ 

-ic 
-*c 

-VEE 


92CS-383II 


TERMINAL  ASSIGNMENT 


Typical  Switching  Characteristics  (Vcc  =  5V-  GND  =  0,  tr  =  tf  =  6ns) 


CHARACTERISTICS 

15pF 

50pF 

UNITS 

54/74HC/HCT 

54/74HC/HCT 

Propagation  Delay  Time    tpzi_.  *PZH 
Switch  "Turn-ON" 

12 

14 

ns 

Switch  "Turn-OFF"           tpHZ.  tpLZ 

12 

14 

CD54HC4351/74HC4351 
CD54HCT4351/74HCT4351 


8-Channel  Analog  Multiplexer/ 
Demultiplexer  with  Address  Latch 


FUNCTION  TABLE 


Control  Inputs 

Select 

ON  Switches 

Enable  1 

Enable  2 

C 

B 

A 

ILE=H)« 

L 

H 

L 

L 

L 

Y0 

L 

H 

L 

L 

H 

Y1 

L 

H 

L 

H 

L 

Y2 

L 

H 

L 

H 

H 

Y3 

L 

H 

H 

L 

L 

Y4 

L 

H 

H 

L 

H 

Y5 

L 

H 

H 

H 

L 

Y6 

L 

H 

H 

H 

H 

Y7 

H 

L 

X 

X 

X 

None 

X  =  Don't  Care 

•When  Latch  Enable  is  low,  the  Channel-Select 
data  is  latched,  and  the  switches  do  not  change 


Preview  Data 


CD54HC4352/74HC4352  Dual  4-Channel  Analog  Multiplexer/ 
CD54HCT4352/74HCT4352  Demultiplexer  with  Address  Latch 


-^vcc 

J5-,Y2 

2Y2-^- 

J?-1Y, 

•JZ-tz 

^.YO 

2Y,  -S- 

nl 

^s0 

VEE  — 

GND-!5- 

92CS-40545 


TERMINAL  ASSIGNMENT 


FUNCTION  TABLE 


Control  Inputs 

Select 

ON  Switches 

Enable  1 

Enabl«2 

B 

A 

(LE=HI» 

L 

H 

L 

L 

1Y0  2Y0 

L 

H 

L 

H 

1Y1  2Y1 

L 

H 

H 

L 

1Y2  2Y2 

L 

H 

H 

H 

1Y3  2Y3 

H 

L 

X 

X 

None 

X=  Don't  Care 

'When  Latch  Enable  is  low.  the  Channel-Select 
data  is  latched,  and  the.  switches  do '  not 
change  state'. 


CD54HC4353/74HC4353 
CD54HCT4353/74HCT4353 


Triple  2-Channel  Analog 
Multiplexer/Demultiplexer 
with  Latch 


I 


'~T 

3Z  — 
5Y0-f 

5=5 

■S-.z 

*.* 

-12-1Y, 

-^s0 

-B-NC 

vee  — 
snd-!2 

-U-tr 

92CS- 

40546 

TERMINAL  ASSIGNMENT 

TRUTH  TABLE 

INPUTS 

ON  CHANNELS 

E1 

E2 

LE 

S2 

S1 

SO 

NONE 

H 

X 

X 

X 

X 

X 

X 

L 

X 

X 

X 

X 

L 

H 

H 

L 

L 

L 

1Y0 

2Y0 

3Y0 

L 

H 

H 

L 

L 

H 

1Y0 

2Y0 

3Y, 

L 

H 

H 

L 

H 

L 

1Y0 

2Y, 

3Y0 

L 

H 

H 

L 

H 

H 

If 8 

2Y, 

3Y, 

L 

H 

H 

H 

L 

L 

1Y, 

2Y0 

3Y0 

L 

H 

H 

H 

L 

H 

1Y, 

2Y0 

3Y, 

L 

H 

H 

H 

H 

L 

1Yt 

2Y, 

3Y0 

L 

H 

H 

H 

H 

H 

1Y, 

2Y, 

3Y, 

L 

H 

L 

X 

X 

X 

Last  Channels  "On" 

X 

X 

I 

X 

X 

X 

Selected  Channels  Latched 

Typical  Switching  Characteristics  (VCC  =  5V,  GND  =  OV,  tr  =  tf  =  6ns) 


CHARACTERISTICS 

CONDITIONS 

15pF 

50pF 

UNITS 

vee 

(V) 

54/74HC/HCT 

54/74HC/HCT 

Propagation  Delay  Time    tpHL.  tPLH 
Switch  Input  to  Output 

GND 
-5 

3 
2 

5 
4 

ns 

Switch  Turn  "ON"            tpHL.  tPLH 
(R|_  =  1k  ) 

GND 

-5 

14 
14 

17 
17 

Switch  Turn  "OFF"           tpHL.  tpLH 

GND 

-5 

17 
14 

19 
17 

639 


Register;  3-State 


CD54/74HCT7030 


92CS-405J7 

TERMINAL  ASSIGNMENT 


Dynamic  Electrical  Characteristic*  @  TA  =  25°  C,  Vcc  =  5  V,  tr,  tf  =  6  ns 


Symbol 

Parameter 

Test  Conditions 

Typical 

Units 

HC 

HCT 

'PHl/'PLH 

Propagation  Delay: 
SI.  SO  to  DIR.  DOR 

CL=  15  pF 
CL  5  50  pF 

14 
17 

16 
19 

ns 
ns 

'max 

Maximum  Clock  Frequency 

CL=  15 pF 

40 

40 

MHz 

640 


Preview  Data 


CD54/74HC7038 
CD54/74HCT7038 


OE(A-B)— 

H-£ 

AO  — 
M-A 
A2-& 
*-* 
A4-q 

A6-2- 
AT^l 

M 

GND 


—  OE(B-A) 
^-BO 


9-Bit  Bus  Transceiver 
with  Latch 

Features: 

■  48  mA  Sink  Current 

■  Inverting  and  Non-Inverting  Data  Paths 
TRUTH  TABLE 


Bl 
B2 
■!*- S3 

—  B4 

J7_ 

IfL 

JS_ 

11 

13 


-B5 


92CS-40538 

TERMINAL  ASSIGNMENT 


CONTROL  INPUTS 

OPERATION 

OE(A-B) 

OE(B-A) 

POLARITY 

L 

H 

H 

Dn  to  6^ 

L 

H 

L 

Dn  to  Qn 

H 

L 

H 

B  data  to  A 

H 

L 

L 

B  data  to  A 

H 

H 

X 

Isolation 

Dynamic  Electrical  Characteristics  @  TA  =  25°  C,  Vcc  =  4.5  V,  tr,  t,  =  6  ns 


Symbol 

Test  Conditions 

Typical 

Units 

HC 

HCT 

•PZL^PLZ 

A  or  A  -  B 

CL  =  15  pF 

23 

23 

ns 

CL  =  50  pF 

26 

26 

ns 

♦PHL^PLH 

B  or  B  -  A 

CL  =  15  pF 

10 

10 

ns 

CL  =  50  pF 

13 

13 

ns 

CD54/74HC7046 
CD54/74HCT7046 


IN  LOCK 

SIGNAL  

PHASE  COUP 
I  OUT 

COUP  IN   

VCO  OUT  

INHIBIT  

CUD  

C1I2)  

GND  

1  IC 

a  » 

1  14 
4  IS 

•  tt 

T  tO 

•  * 

—  vcc 

 SIGNAL  IN 

|  PHASE  COMP 

H  OUT 
1  RZ  TO  GND 

 (t  1  TO  GND 

,  DEMODULATOR 

 OUT 

 VCO  IN 

9ZCS-S8938 

TERMINAL  ASSIGNMENT 

Phase-Locked  Loop  with  VCO 
and  In-Lock  Detector 

(Voltage  Controlled  Oscillator) 

Feature: 

•  11  MHz  typ.  @  Vcc=5  V  (output  signal) 


92CS-39036 


641 





642 





Advanced  CMOS  Logic 


Advanced  CMOS  Logic 


Advanced  CMOS  Logic,  ACL,  is  the  next  step  forward  in  the 
evolution  of  CMOS  logic.  It  matches  bipolar  FAST*  in  speed, 
performance  and  logic  type  output  drive,  but  at  CMOS 
power  levels. 

Just  as  HC/HCT  high-speed  CMOS  logic  became  an  indus- 
try standard  competing  with  LSTTL,  ACL  is  expected  to 
become  an  industry  standard  offered  by  a  number  of  the 
leading  CMOS  logic  suppliers.  A  JEDEC  committee  is  cur- 
rently working  on  specifications  for  a  standardization  of 
54/74  AC/ACT  devices. 

Featuring  <  3-ns  gate  propagation  delays,  ACL  is  the  fastest 
CMOS  logic  yet  available.  (By  contrast,  the  standard  propa- 


gation delay  for  CMOS  logic  is  95  ns,  and  for  high-speed 
CMOS  logic,  9  ns.)  ACL  can  operate  at  more  than  150  MHz. 
Output  drive  capability  is  24  mA,  compared  with  6  mA  for 
HC/HCT.  This  capability  enables  ACL  to  drive  transmission 
lines,  yet  still  generate  the  voltages  necessary  to  operate  the 
receiving  logic  devices  safely. 

Because  of  its  low  power  consumption,  ACL  is  potentially 
more  reliable  than  bipolar  logic.  This  quality  should  make 
ACL  the  technology  of  choice  in  a  number  of  applications, 
including  computers,  peripherals,  and  telecommunications, 
and  in  portable  and  military  equipment. 

'FAST  is  a  trademark  of  Fairchild  Semiconductor  Corp. 


ACL  TYPES  • 

nFQPDIDTIPiU 
DLSbnir  1  lull 

PINS 

PLASTIC  * 

CERDIP* 

i  tALf/rtU  1  UUt.lvl 

O  UD4AL//  AL/  1  UUr 

Quad  2-lnput  NAND  Gate 

14 

Prt7AAP/APTPi9F  HA 

Quad  2-lnput  NOR  Gate 

14 

pn74 ap/aptpuif  m 

pn^^i  ap/ aptpuIf 

OLJD4MO/ AL»  1  U4r 

Hex  Inverter/Buffer 

14 

Pn7dAP/APTPiRP  HA 

AL/  1  UDr 

Hex  Inverter/Buffer  with  Open-Drain  Outputs 

14 

Pr>74AP/APTPlftP  M 

PHRdAP/APTPiftF 
L/L'jtnWn'j  1  Ugr 

Quad  2-lnput  AND  Gate 

14 

rn7dir/ArTmF  ha 

UU/  ^MVj/  nl_r  1  1  Utz,  IV1 

pnw  AP/  APT1  flF 

Triple  3-lnput  NAND  Gate 

14 

rn7^Ar/APTonc  ha 

fril"^  AP /APTOilF 
OUD4AO/AO  I  £Ur 

Dual  4-lnput  NAND  Gate 

14 

UU/ 4AO/Al_.  i  o*;t,M 

pnc^  AP/APTQOF 
OLJ04AO/AL<  I  O^r 

Quad  2-lnput  OR  Gate 

14 

rnTAAr/APTTAc  ha 

L/U  /  'tMo/nL  1  /  4t:,lVI 

PnR.4  AP  /APT7/1 F 

Dual  D-Type  Flip-Flop  w/SET  and  RESET 

14 

PnTylAP/APTOCC  HA 

PriK/l  AP/APTQCC 

OU04AO/AO  1  ODr 

Quad  2-lnput  EXCLUSIVE-OR  Gate 

14 

rn7/A^/APTir>Qc  ka 

prtK/i  ap/apti  nop 
OU04AO/AO1  iuyr 

Dual  J-K  Flip-Flop  w/SET  and  RESET 

16 

rn7dAr/APTH9F  ka 

\jVJ  1               r\\j  1    1  l^lC.IVI 

Pn^/IAP/APTI  1QF 

Dual  J-K  Flip-Flop  w/SET  and  RESET 

16 

Pn7JAP/ArT11flC  KA 
OUi  "tMU/ MO  1  1 OD  t,IVl 

AP/APT1QRF 
OUD4AO/AO  I  I  dor 

3-to-8  Line  Decoder/Demultiplexer,  Inverting 

16 

vjU/ 4AO/AO  1  loyt.IVl 

f~T\CA  AC/APTt  one 
OUD4AO/AOI  Idyr 

Dual  2-of-4  Line  Decoder/Demultiplexer 

16 

OUi                   I  Ibl  t.lvl 

PnCjl  AP/APT1C1  c 

OU04AL-/AO  I  Ibl  r 

8-lnput  Multiplexer 

16 

f>n7i(  AC/APTI  cQC  fill 

OU/ 4AO/AO  1  ibob,M 

OL)b4AO/AOI  lOor 

Dual  4-lnput  Multiplexer 

16 

OU/ 4  AO/  AO  1  l  b  /  b ,  M 

OD54AG/AC.1 157r 

Quad  2-lnput  Multiplexer 

16 

OU/4AO/AO  1  ibob.M 

OUb4AO/AO  1  1  bor 

Quad  2-lnput  Multiplexer,  Inverting 

16 

OU/ 4 AO/ AO  I  1 D  1  t,M 

OUD4AL-/AL«  I  l  oi  r 

Synchronous  4-Bit  Binary  Counter,  Asynchronous  Reset 

16 

PnRAAPMPTI  R1C 

L-Ub4AO/AO  1  iDor 

Synchronous  4-Bit  Binary  Counter,  Synchronous  Reset 

16 

rn7iAr/ArTiR/t[:  m 

PnK/l  AP/APTI  CtA  C 

L-Ub4AO/AO  1  lo4r 

8-Bit  Serial-ln  Parallel-Out  Shift  Register 

14 

rn74Ar/APT17ilP  K>| 
( InU/nij  I  I  f  *tC,lvl 

Pn^AP  /APT1  7AE 

Hex  D-Type  Flip-Flop  w/RESET 

16 

r*r\7A AP/APT1  7«;P  Kit 

PRRjl  AP  /APT1  7CF 
OUD4AO/AO  I  1  /  Oh 

Quad  D-Type  Flip-Flop  w/RESET 

16 

OU/4AL-/AO  I  l  y  I  b,M 

CL)b4AU/ACl  191h 

Synchronous  4-Bit  Binary  Up/Down  Counter 

16 

CD74AC/ACT1 93E.M 

CD54AG7ACT193F 

Synchronous  4-Bit  Binary  Up/Down  Counter 

16 

CD74AC/ACT238E,M 

CD54AC/ACT238F 

3-to-8  Line  Decoder/Demultiplexer 

16 

CD74AC/ACT240E.M 

CD54AC/ACT240F 

Octal  Buffer  Line  Driver  3-State  Inverting 

20 

CD74AC/ACT241E.M 

CD54AC/ACT241F 

Octal  Buffer  Line  Driver,  3-State 

20 

CD74AC/ACT244E.M 

C  D54  AC/ ACT244  F 

Octal  Buffer  Line  Driver,  3-State 

20 

C  D74  AC/ACT245E,  M 

CD54AC/ACT245F 

Octal  Bus  Transceiver,  3-State 

20 

CD74AC/ACT251  E,M 

CD54AC/ACT251F 

8-lnput  Multiplexer,  3-State 

16 

CD74AC/ACT253E.M 

CD54AC/ACT253F 

Dual  4-lnput  Multiplexer,  3-State 

16 

CD74AC/ACT257E.M 

CD54AC/ACT257F 

Quad  2-lnput  Multiplexer,  3-State 

16 

CD74AC/ACT258E.M 

CD54AC/ACT258F 

Quad  2-Line  to  4-Line  Data  Selector 

16 

CD74AC/ACT273E.M 

CD54AC/ACT273F 

Octal  D-Type  Flip-Flop  w/RESET 

20 

CD74AC/ACT280E.M 

CD54AC/ACT280F 

8-Bit  Odd/Even  Parity  Generator/Checker 

14 

CD74AC/ACT283E.M 

CD54AC/ACT283F 

4-Bit  Full  Adder  w/Fast  Carry 

16 

CD74AC/ACT299E.M 

CD54AC/ACT299F 

8-Bit  Universal  Shift  Register,  3-State 

20 

CD74AC/ACT323E.M 

CD54AC/ACT323F 

8-Bit  Universal  Shift  Register,  3-State  (with  Synchronous  Reset) 

20 

CD74AC/ACT373E.M 

CD54AC/ACT373F 

Octal  Transparent  Latch,  3-State 

20 

CD74AC/ACT374E.M 

CD54AC/ACT374F 

Octal  D-Type  Flip-Flop,  3-State 

20 

CD74AC/ACT533E.M 

CD54AC/ACT533F 

Octal  Transparent  Latch,  3-State,  Inverting 

20 

CD74AC/ACT534E.M 

CD54AC/ACT534F 

Octal  D-Type  Flip-Flop,  3-State,  Inverting 

20 

CD74AC/ACT540E.M 

CD54AC/ACT540F 

Octal  Buffer  Line  Driver,  3-State,  Inverting 

20 

CD74AC/ACT541  E,M 

CD54AC/ACT541F 

Octal  Buffer  Line  Driver,  3-State 

20 

CD74AC/ACT573E.M 

CD54AC/ACT573F 

Octal  Transparent  Latch,  3-State 

20 

CD74AC/ACT574E.M 

CD54AC/ACT574F 

Octal  D-Type  Flip-Flop,  3-State 

20 

CD74AC/ACT646E.M 

CD54AC/ACT646F 

Octal  Bus  Transceiver/Register,  3-State 

24 

CD74AC/ACT648E.M 

CD54AC/ACT648F 

Octal  Bus  Transceiver/Register,  3-State,  Inverting 

24 

CD74AC/ACT7060E.M 

CD54AC/ACT7060F 

14-Stage  Counter  with  Oscillator 

20 

CD74AC/ACT7202E.M 

CD54AC/ACT7202F 

1024  x  9-Bit  Parallel  In-Out  FIFO 

28 

CD74AC/ACT7402E.M 

CD54AC/ACT7402F 

65  x  5-Bit  FIFO 

18 

•  Consult  your  local  Sales  Office  for  availability 
time  frame  and  other  details. 


•Package  Suffix:    E  -  Dual-ln-Line  Plastic 

F  -  Dual-ln-Line  Frit-Seal  Ceramic 
M  -  Surface  Mount 


Application  Notes 


645 


Application  Notes 


Power  Consumption  in 
QMOS  Logic  Circuits 


QMOS,  RCA's  high-speed  CMOS-logic  technology,  offers 
users  the  best  features  of  both  CMOS  and  TTL  technologies: 
the  low-power  consumption  of  CMOS  and  the  fast  speeds 
associated  with  LSTTL.  This  Application  Note  focuses  on 
the  primary  QMOS  feature,  low  power  consumption.  The 
causes  of  quiescent  and  dynamic  power  dissipation  in  HC 
and  HCT  QMOS  devices  are  discussed.  The  formulas 
needed  to  compute  the  powerdissipation  in  QMOS  devices 
are  presented  along  with  sample  calculations.  A  comparison 
is  made  of  QMOS,  LS,  and  ALS  logic  types  relative  to  power 
dissipation. 

The  significant  reduction  in  power  consumption  provided 
by  a  QMOS  logic  system  compared  with  the  equivalent 
LSTTL  or  ALSTTL  counterpart  design  isfhe  primary  reason 
that  QMOS  is  destined  to  be  chosen  for  new  designs  and  to 
replace  LSTTL  or  ALSTTL  parts  in  many  existing  designs. 
The  replacement  of  LSTTL  devices  with  HCT  QMOS  types' 
achieves  powersavings  in  existing  designswhere  decreased 
powerconsumption  and  dissipation  are  a  distinct  advantage. 
In  new  designs,  only  QMOS  logic  lends  itself  to  battery- 
operated  portable  equipment,  such  as  portable  (lap-held) 
personal  computers,  and  the  switch  to  QMOS  is  the  major 
trend  in  PCs  using  all-CMOS  RAMs,  ROMs,  and  peripherals. 
All-QMOS  designs  can  be  powered  down  to  2-volts  standby, 
increasing  battery  life.  In  nonportable  designs,  QMOS  and 
CMOS  LSI  logic  are  also  preferred  to  significantly  reduce, 
in  order  of  priority,  cost,  size,  and  weight.  Cost  reduction  is 
the  result  of  savings  in  the  cost  of  supply  regulators,  the 
elimination  of  cooling  fans  and  heat  sinks,  etc. 

An  equally  powerful  motivating  force  behind  the  use  of 
logic  components  that  dissipate  lower  power,  such  as 
QMOS,  is  the  proven  component  and  equipment  reliability 
enhancement.  The  junction  temperature  of  the  ICs,  as  well 
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as  the  temperature  of  other  equipment  components 
(resistors  and  capacitors),  is  much  reduced,  thereby 
lengthening  life.  QMOS  failure  rates  are  currently  measured 
at  .0015%/1000  hours  at  60%  UCL  for  operation  at  +55°C 

Power  consumption  in  a  logic  IC  must  be  considered  in 
both  of  the  ICs  operating  modes,  i.e.,  under  static  and 
dynamic  conditions.  QMOS  devices  consume  only  minute 
amounts  of  power  under  static  (quiescent)  conditions, 
making  power  consumed  in  the  dynamic  state  the  major 
contributor  to  total  power  consumption.  TTL  devices,  on 
the  other  hand,  consume  significant  amounts  of  power  in 
the  quiescent  state,  so  much  in  fact,  that  power  consumption 
in  the  dynamic  state  can  be  masked  at  frequencies  as  high 
as  20  MHz,  depending  on  device  complexity.  At  higher 
frequencies,  the  power  consumed  by  TTL  devices  increases 
proportionately.  Since  integrated  circuits  typically  spend  a 
significant  percentage  of  their  time  either  in  the  quiescent 
state  or  operating  at  average  frequencies  below  2  MHz, 
QMOS  devices  can  provide  significant  and  often  dramatic 
power  savings. 

QUIESCENT  POWER  CONSUMPTION 

The  quiescent  powerconsumption  of  a  logic  IC  is  measured 
when  the  system  input  voltage,  V,N,  equals  the  device 
supply  voltage,  VCc,  or  is  at  ground  potential.  Fig.  1(a)  is 
used  to  illustrate  this  discussion.  In  the  quiescent  state, 
either  the  PMOS  or  NMOS  transistor  is  fully  off,  and  ideally 
no  direct  MOS  transistor-channel  path  exists  between  Vcc 
and  ground.  In  reality,  however,  thermally  generated 
minority-charge  carriers  present  in  all  reverse-biased  diode 
junctions,  Fig.  1  (b),  allow  a  very  small  power-supply  leakage 
current  to  flow  between  Vcc  and  ground.  In  QMOS  data 
sheets,  this  quiescent  leakage  current  is  specified  as  Ice- 
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Fig.  1  -  (a)  Simple  QMOS  inverter  circuit,  (b)  simple  QMOS  inverter  circuit  with  input  and  output  ESD  protective  diodes. 
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Three  factors  affect  the  value  of  Ice  and,  therefore,  the 
power  dissipation  of  a  device: 

Temperature.-lncreasing  temperature  causes  an  increase 
in  Ice  because  the  minority  charge  carriers  in  the  reverse- 
biased  diode  junctions  of  QMOS  devices  are  thermally 
generated. 

Device  Comp/ex/fy.-MSI  devices  will  consume  more  power 
than  SSI  devices  because  there  exists  a  proportionally 
greater  reverse-biased  diode-junction  area. 

^CC-'-Tne  minority-charge  carriers  are  linearly  related  to 
reverse  junction  voltage. 

Table  I  shows  the  JEDEC  industry  standards  for  54/74 
HC/HCT  high-speed  CMOS  devices,  and  illustrates  the 
effect  of  temperature  and  device  complexity  on  lCc  at  the 
maximum  recommended  HC  operating  voltage,  Vcc  =  6  V.  At 
VCc  =  2  V,  Ice  is  approxi mately  1  /3  the  val  ue  shown  at  Vcc  «  6 
V.  Typical  lCc  values  are  well  under  the  maximum  specified 
values. 

Another  factor  that  may  add  to  quiescent,  or  dc,  power 
consumption  is  the  through  current  caused  by  both  the 
PMOS  and  NMOS  transistors  of  the  input  stage,  Fig.  1  (a), 
being  on,  at  least  to  some  degree,  at  the  same  time.  For  HC 
devices,'  where  the  switching  transition  occurs  at  a  nominal 
Vcc/2  (see  Fig.  2(a)),  there  is  no  through  current  and,  hence, 
no  added  dc  power  consumption.  That  is,  with  ViL  and  ViH 
voltage  levels  (low-level  and  high-level  input  voltages, 
respectively)  at  the  inputs,  either  the  PMOS  or  the  NMOS 
transistor  of  the  HC  input  stage  is  completely  off.  However, 
for  HCT  devices,  where  the  switching  transition  occurs  at  a 
nominal  1.3  volts,  Fig.  2(b),  there  is  a  through-current 
component  when  an  input  high-voltage  level  of  under  4 
volts  is  applied  to  an  input.  With  this  amount  of  voltage 
applied,  the  NMOS  transistor  is  fully  on  and  the  PMOS 
transistor  not  fully  off.  This  is  the  situation  in  an  HCT  device 
when,  in  a  QMOS/TTL  interface,  the  input  voltage  of  the 
QMOS  device  isthe  V0h  (high-level  output  voltage)  of  a  TTL 
family  device.  The  3.5-volt  typical  Voh  output  voltage  will 
fully  turn-on  the  QMOS  input  NMOS  transistor  (Fig.  1)  but 
not  fully  turn-off  the  PMOS  transistor.  The  current  flow  that 
results  is  specified  as  Alec  in  QMOS  HCT  data  sheets. 

Computing  HC  Quiescent-Power  Consumption 

Quiescent  power  consumption  in  an  HC  device  is  extremely 
low,  typically  under  10  microwatts.  The  Alec  plays  no  part 
because  HC  I/O  levels  are  completely  compatible:  Vol  and 
Voh  worst-case  specifications  areO.1  and  Vcc-0.1  volt, very 
close  to  ground  and  Vcc,  respectively.  Fig.  2(a)  illustrates 
that  no  Ice  will  flow  with  these  Vol  and  Voh  voltage  levels 
imposed.  However,  if  inputs  are  driven  beyond  Vil  and  ViH 
toward  the  switching  voltage  (centered  typically  at  2.3 
volts),  appreciable  Ice  will  flow.  Such  a  high-current  situation 
exists  when  an  attempt  is  made  to  drive  an  HC  input  with  a 


*|H.VCC-?.IV  V,N 


92Cs- jezee 

Fig.  2  -  (a)  HC  input,  CMOS  interface,  (6)  HCT  input, 
TTL  interface. 

TTL  output.  For  example,  with  a  TTL  Voh  level  of  3  volts 
driving  an  HC  input,  not  only  would  a  logic  error  exist,  but 
several  milliamperes  of  Ice  would  flow.  To  overcome  this 
problem,  an  external  pull-up  resistor  could  be  used,  as 
shown  in  Fig.  3,  but  the  resistor  would  cause  significant 
additional  system  power  consumption  because  it  would 
have  to  be  kept  small  in  value  in  order  to  keep  system  speed 
high.  RCA  HCT  QMOS  devices  are  the  preferred  solution 
when  interfacing  CMOS  with  TTL  logic. 

In  power-critical  applications,  such  as  portable  battery- 
operated  equipment  or  equipment  operating  in  a  battery- 
powered  stand-by  mode,  HC  quiescent  power  consumption 
may  be  a  significant  component  of  battery  drain.  The 
following  formula  is  used  to  compute  HC  quiescent  power 
consumption: 

Pac  =  Vcclcc  (1) 
where  VCc  is  dependent  upon  the  particular  application,  and 
Ice  is  obtained  from  the  data  sheet  of  the  particular  device 
for  a  Vcc  of  6  volts  (HC  types).  The  data  sheet  value  given  is 
also  valid  within  the  nominal  5  V  ±  10%  supply-voltage 
range  of  HCT  types.  The  value  of  Ice  at  Vcc  =  6  V  can  be 
linearly  reduced  for  any  desired  Vcc  voltage;  e.g.,  at  Vcc  =  2 
V,  use  1/3  of  the  limits  shown  in  Table  It 


Table  I  -  S4/74HC  Family  Characteristics 


Symbol 

Parameter 

Vcc 
(V) 

Temperature  (°C 

Units 

Test  Conditions 

54HC/74HC 

74HC 

54HC 

25 

-40  to  85 

-55  to  125 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Ice 

Quiescent 

Supply  Current 

SSI 

6 

2 

20 

40 

V,  =  VccorGND 

FF 

6 

4 

40 

80 

V* 

lo  =  0 

MSI 

6 

8 

80 

160 
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Fig.  3  -  Use  of  pull-up  resistor  in  LSTTL/HC  interlace. 

Computing  HCT  Quiescent  Power  Consumption 

Because  HCT  devices  can  be  substituted  for  LSTTL  devices 
and/or  mixed  with  LS,  ALS,  AS,  or  FAST-TTL-family  ICs  in 
a  system,  their  consumption  of  larger  amounts  of  dc  power 
than  HC  types  is  not  significant.  TTL  worst-case  output 
voltages  are:  Vol  =  0.4  V(max)  and  Voh  =  Vcc  -  2.1  V(min). 
The  Voh  (or  logic  1 )  voltages  result  in  the  Alec  current  flow 
illustrated  in  Fig.  2(b)  and  already  described  above.  Note 
that  only  a  logic-1  input  causes  appreciable  quiescent 
leakage-current  flow;  a  logic-0  input  (0.4  V(max))  is  close 
enough  to  ground  to  turn  the  NMOS  transistor  fully  off.  The 
total  HCT-device  quiescent  power  consumption  is  a  function 
of  the  number  of  logic-1  inputs  applied  at  the  Vih  voltage 
level. 

QMOS  HCT  data  sheets  specify  Alec  at  the  worst-case  input 
voltage  of  Vcc  -  2.1  V  for  Vcc  ranging  from  4.5  volts  to  5.5 
volts,  with  normalized  limits  as  shown  in  Table  II.  Alec  is 
further  specified  on  a  per-input-pin  basis.  This  method  of 
specification  allows  more  accurate  calculations  if  all  the 
functions  within  a  device  are  not  being  used  or  are  being 
used  at  different  input  levels.  For  example,  assume  that  two 
gates  of  an  HCT10,  a  triple  3-input  NAND  Gate,  are  being 
driven  by  a  TTL  device  with  a  50%  duty  cycle.  Given  the 
information  in  Table  II,  quiescent  power  dissipation  is 
calculated  as  follows: 

Pde  =  Vcclcc  +  VCcAlcc(percent  duty  cycle  high)  (2) 

where  Alec  is  calculated  on  a  unit-load  basis  as  follows: 

Ice  =  (360 //A/unit  load)  x  (0.6  unit  loads/input 

pin)  x  (6  input  pins)  (3) 
=  1.3  mA 


Note  that  if  all  of  the  inputs  of  an  HCT  device  are  driven  by 
HC  or  equivalent  CMOS  output  levels,  only  equation  (1) 
need  be  used  to  calculate  its  static  power  dissipation.  Note 
also  that  if  a  50%  duty  cycle  is  assumed  for  input  signals,  the 
average  dc  power  is  3.25  milliwatts  for  the  HCT  type.  This 
figure  compares  with  35  milliwatts  for  a  74LS10  IC,  and 
shows  that  the  HCT  device  still  provides  a  big  savings  in 
power,  even  in  the  worst-case  application. 

DYNAMIC  POWER  CONSUMPTION 

Three  factors  affect  QMOS  dynamic  power  consumption: 

Load  capacitance  -  dissipation  of  output  state,  Fig.  4. 
Internal  circuit  capacitance 

Switching  transition  currents  (when  complementary 
transistors  used  in  switching  are  both  momentarily 
on) 


PMOS  J*-1 


T<:L 


92CS-38288 

Fig.  4  -  Simple  QMOS  inverter  circuit  driving  a  capacitive  load. 

For  power  calculation  purposes,  the  load  caused  by  internal 
device  capacitance  and  switching  transition  currents  is 
represented  in  one  effective  capacitance  defined  and 
specified  as  the  Cpa,  power  dissipation  capacitance,  the 
effective  internal  device  capacitance  used  for  operating- 


Table  II  -  QMOS  HC/HCT10  Static  Electrical  Characteristics  and  HCT  Input  Loading  Table 


Charac- 
teristic 

CD74HC10  CD54HC10 

CD74HCT10/CD54HCT10 

Units 

Test 
Conditions 

74HC/54HC 
Series 

74HC 
Series 

54HC 
Series 

Test 
Conditions 

74HCT/54HCT 
Series 

74HCT 
Series 

54HCT 

Series 

V, 
(V) 

lo 
(mA) 

Vcc 
(V) 

+25°  C 

-40/+85°C 

-55/ 
+125°C 

V, 

Vcc 

+25°  C 

-40/+85° C 

-55/ 
+125°C 

Min. 

Typ. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Max. 

Min. 

Max. 

Qui- 
escent 
Device 
Current 
Ice 

Vcc 
or 
Gnd 

0 

6 

2 

20 

40 

Vcc 
or 

Gnd 

5.5 

2 

20 

40 

V* 

Quiescent  Device 
Device  Current 
per  input  pin: 
1  unit  load  Alec 

Vcc-2.1 

4.5 
to 
5.5 

100 

360 

450 

490 

MA 

"For  dual-supply  systems  theoretical  worst  case  (V,  =  2.4  V,  Vcc  =  5.5  V)  specification  is  1.4  mA. 

HCT  Input  Loading  Table 


Input 

Unit  Loads* 

All 

0.6 

"Unit  Load  is  AICc  limit  specified  in  Static  Characteristics  Chart,  e.g.,  360 /jA  max.  at  25°  C. 
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power  calculations.  Each  of  the  above  power-consuming 
factors,  along  with  Cpo,  areexplained  in  furtherdetail  below. 

Unlike  quiescent  power  consumption,  dynamic,  or  oper- 
ating-power, consumption  is  computed  in  the  same  way  for 
both  HC  and  HCT  devices.  Therefore,  throughout  this 
section,  all  equations  presented  are  applicable  to  both  HC 
and  HCT  devices. 

Internal  Capacitance 

Inherent  in  any  active  semiconductor  is  internal  parasitic 
capacitance,  i.e.,  capacitance  present  in  diode  junctions, 
MOS  transistor  structures,  and  metal  and  polysilicon 
interconnections.  This  internal  capacitance  produces  the 
same  effect  on  internal  active  circuits  as  external  capacitive 
loads,  and  varies  from  one  device  to  another  depending  on 
the  complexity  of  the  device. 

QMOS  devices  are  fabricated  by  means  of  a  self-aligned 
polysilicon  gate  process  (3-micron  gate  length)  to  reduce 
this  internal  capacitance.  This  process  minimizes  gate-to- 
source  and  gate-to-drain  capacitances.  Junction  capaci- 
tances, which  are  proportional  to  the  junction  area,  are  also 
reduced  because  shallower  diffusions  are  utilized. 

Fig.  5  illustrates  the  device  parasitic  capacitance  present  in 
a  CMOS  inverter. 


condition  creates  a  momentary  low-resistance  path  between 
Vccand  ground,  Fig.  6(b).  In  this  transient  state,  a  momentary 
dc  supply  current  flows  and  power  is  consumed.  This  low- 
resistance  path  is  obviously  a  function  of  the  number  of 
transitions  the  device  makes  as  well  as  the  input-signal  rise 
and  fall  time.  In  other  words,  power  loss  resulting  from 
internal  device  switching  is  proportional  to  the  input 
frequency  (as  is  power  loss  due  to  internal  capacitance). 

Power-Dissipation  Capacitance 

Since  power  losses  resulting  from  both  net  internal  device 
capacitance  and  switching  transient  currents  are  frequency 
dependent,  one  term  representing  both  factors  is  used  for 
practical  power-consumption  calculations.  This  term  is 
specified  as  Cpd,  the  no-load  power  dissipation  capacitance.2 
CPd  is  defined  for  each  QMOS  device  in  each  data  sheet. 
Further,  it  is  specified  per  logic  function,  that  is,  for  each 
gate  or  flip-flop  within  a  device.  This  method  allows  for 
more  accurate  power  consumption  calculations  when  logic 
functions  are  operating  at  different  frequencies. 

Since  Cpa  encompasses  both  internal  capacitance  and 
switching  loads,  the  internal  device  operating  power  per 
logic  function  is: 

Ppa  =  CpaVcc2f  (4) 

where  f  is  the  operating  frequency  of  the  function. 
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COMPUTING  HC  AND  HCTTOTAL  POWER  DISSIPATION 

The  formulas  for  total  QMOS  power  dissipation  are  a 
combination  of  both  static  and  dynamic  power-consuming 
states.  For  HC  devices: 

Ptotal  =  Vcclcc  +  CpdVcc2fm  +  CL_Vcc2fout  (5) 

Total  HCT  power  dissipation,  when  driven  by  TTL  logic,  is 
computed  as  follows: 

Ptotal  =  Vcdcc  +  AlccVccD  +  CpaVCC2fin  +  CLVcc2foUt  (6) 

Where  D  =  Percent  duty  cycle  High 

For  HCT  devices  driven  by  HC  devices,  or  at  equivalent  I/O 
voltage  levels,  equation  (5)  is  used  because  the  input 
voltage  is  essentially  at  VCc,  not  at  VCc  -  2.1  V. 


Fig.  5  -  Parasitic  capacitances  in  a  CMOS  inverter. 


Switching  Transients 

When  the  basic  QMOS  inverter  circuit,  Fig.  6(a),  is  switching 
states,  either  from  a  logic  1  to  a  logic  0  or  vice-versa,  both 
transistors  will  be  on  for  a  short  period  of  time.  This 


QMOS  VERSUS  LS  AND  ALS  POWER  CONSUMPTION 

In  any  integrated  circuit,  there  exists  a  balance  between 
speed  and  power  consumption.  LSTTL  logic  is  relatively 
fast,  but  the  bipolar  circuitry  used  consumes  considerable 
amounts  of  dc  power.  A  LSTTL  improves  upon  LSTTL  by 
utilizing  advanced  finer-line  geometry  designs  and  ap- 


INPUT:  SVCC'2  FOR  HC 
3  I.3V  FOR  HCT 


"CC 

J 


1 
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Fig.  e  -  (a)  Simple  QMOS  inverter  circuit,  (o)  equivalent  schematic  of  a  QMOS  inverter  whose 
transistors  represent  a  low  resistance  path  between  Vcc  and  ground. 
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figure,  a  2-input  NAND  gate  is  used  to  illustrate  the  dc 
power  consumption  versus  the  typical  propagation  delay 
for  a  number  of  technologies. 

Table  III  is  a  compilation  of  speed/power  products,  in 
picojoules,  for  two  CMOS-logic  families  and  four  TTL 
bipolar-logic  families.  In  the  table,  SSI  and  MSI-complexity 
devices  and  those  with  complex  flip-flop  arrangements  are 
used  to  illustrate  speed/power  differences.  The  major 
advantages  of  the  new  high-speed  QMOS  (HC/HCT)  logic 
families  are  apparent: 

-  CMOS  logic  families  have  a  103  speed/power  advantage 
over  TTL  logic  families. 

-  Maximum  dc  power  savings  using  CMOS  are  far  greater 
for  the  more  complex  MSI  logic  functions.  As  shown,  a 
TTLAS160  device  consumes  5  x  103  times  more  dc 
power  than  an  HC1 60. 

-  QMOS  (HC)  logic  is  approximately  10  times  faster  than 
equivalent  CMOS  devices;  but  retains  the  ultra-low  dc 
power  consumption  of  CMOS. 

Fig.  8  illustrates  the  operating  power  consumption  for  SSI 
through  MSI,  QMOS,  and  LS  devices.  Note  from  the  figures 
that  CMOS  devices  realize  their  true  power  savings,  from  dc 
to  several  MHz,  depending  on  device  type  and  complexity. 
QMOS  devices  consume  significant  power  only  when 
switching,  not  when  idling.  TTL's  continuous  power  con- 
sumption is  the  result  of  the  many  active  bipolar  transistors 
that  must  be  continuously  biased. 

Fig.  8  also  shows  that  as  device  complexity  increases,  the 
frequency  at  which  CMOS  and  TTL  devices  consume  the 
same  amount  of  power  increases,  as  would  be  expected. 


Table  III  -  Speed  Power  Comparison  -  Major  TTL  and  CMOS  Logic  Families 


Generic 

Logic 

Max.  Prop. 

Max.  Power 

Speed/Power 

Type 

Family 

Delay1  (ns) 

Dissipation2  (mW) 

Product3  (pj) 

Gate 

CMOS  HC00 

18 

.01 

.18 

CD4011 

250 

.001 

.25 

TTL  ALS00 

13 

16.5 

215 

LS00 

15  (15  pF) 

24 

363 

AS00 

4 

95.7 

283 

FAST00 

5 

51 

255 

CMOS  HC74 

32 

.022 

.70 

CD4013 

300 

.006 

1.8 

TTL  ALS74 

17 

22 

374 

LS74 

40  (15  pF) 

44 

1760 

AS74 

8.5 

88 

748 

FAST74 

8 

88 

704 

MSI 

CMOS  HC160 

35 

.044 

1.5 

Counters 

CD40160 

400 

.028 

11.2 

TTL  ASL160 

17 

116 

1964 

LS160 

27  (15  pF) 

176 

4752 

AS  160 

6 

220 

1320 

FASri60 

10 

275 

2750 

1.  Vcc  =  5  V,  Cl  =  50  pF  (15  pFfor  LS),  TA  =  25"C,  max.  high  or  low  state. 

2.  Vcc  =  5.5  V  -  max.  dc  high  or  low  output  conditions. 

3.  Product  of  max.  prop,  delay  and  max.  power  dissipation. 


propriately  finer  fabrication  techniques.  These  improve- 
ments both  increase  speed  and  decrease  dc  power  con- 
sumption by  about  50%  total  for  both  factors. 

CMOS  devices  consume  minute  amounts  of  quiescent 
power  compared  to  any  given  TTL  bipolar-logic-family 
device.  However,  until  the  development  of  the  QMOS  line  of 
logic  devices,  CMOS  devices  were  relatively  slow.  Now, 
QMOS  types,  by  utilizing  finer-line  design  and  fabrication 
techniques,  not  only  consume  the  minute  amounts  of  dc 
and  operating  power  of  a  CMOS  device  (depending  on 
operating  frequency,  as  previously  defined  in  equations  (5) 
and  (6)),  but  are  fast,  as  described  below. 

A  popular  way  to  illustrate  the  differences  between  I C  logic 
families  and  their  technologies  is  shown  in  Fig.  7.  In  the 
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AVERAGE  dc  POWER  DISSIPATION  (mW) 

Speed/power  spectrum  for  the  popular  logic  technologies. 
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Fig.  8  -  Power  versus  supply  graphs  lor  the  (a)  LS/HCOO,  (to)  LS/HC74.  (c)  LS/HCT138,  and  (d)  LS/HC243. 

QMOS  devices  also  consume  more  quiescent  power  as 
device  complexity  increases,  but  the  leakage  currents  that 
cause  the  power  consumption  are  of  such  small  magnitude 
that  they  can  (in  most  cases)  be  ignored  (see  Table  I). 

The  subject  figures  also  illustrate  the  operating  power 
differences  for  one  function  or  n  functions  in  an  IC  package 
operating  at  the  frequencies  shown. 

The  power-consumption  characteristics  of  these  different 
logic  families  are  easily  translated  into  total  system  power. 
Fig.  9  illustrates  the  power  consumed  by  the  different  logic 
families  in  a  small  logic  system  (one  gate  and  two  flip- 
flops).  The  figure  shows  that  QMOS  substantially  out- 
performs TTL  in  power  consumption  at  both  the  device  and 
the  system  level. 

REFERENCES 

1 .  The  QMOS  family  consists  mainly  of  two  series,  the  HO 
which  features  CMOS  input-voltage-level  compatibility, 
and  the  HCT,  which  features  LSTTL  input-voltage-level 
compatibility.  For  a  review  of  these  series,  see  QMOS 
High-Speed  CMOS  Logic  ICs,  RCA  Solid  State 
DATABOOK  SSD-290. 

2.  See  ref.  1  under  "Description  of  QMOS  Product  Line"  for 
discussion  of  Cpa. 


6  8  1        2       1    6  8  1 
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Fig-  9 


Power  consumed  by  different  logic  families  in  a 
small  logic  system. 
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Modification  of  LSTTL  Test  Programs  to  Test  HCT 
High-Speed-CMOS  Logic  ICs 

by  R. Funk 


The  QMOS  HCT  family  of  high-speed  logic  ICs  is  designed 
and  specified  not  only  to  replace  LSTTL  devices  having  the 
same  type  numbers,  but  to  interface  with  all  TTL,  CD4000B 
CMOS,  and  QMOS  HC  logic  families.  As  such,  it  is  indeed 
one  of  the  more,  and  perhaps  the  most,  interface-flexible 
logic  family.  In  existing  and  new-equipment  designs  where 
LSTTL  devices  are,  or  could  be,  used,  these  devices  are 
easily  replaced  by  RCA's  HCT  logic  family  because  of  the 
several  advantages  its  QMOS  technology  has  over  LSTTL: 

-  Much  lower  dc  and  operating-power  requirements 

-  Improved  dc  noise  margin 

-  Better  balance  in  output  current  drive  and  switching 
speed 

-  Much  lower  input  current  and  three-state  output 
leakage  current  in  high-impedance  state 

-  Improved  reliability  because  of  lower  junction  temper- 
ature 

-  Wider  74-family  operating  temperature  (-40° C  to 
+85°  C,  not  LSTTL's  0°C  to  70°  C) 

But  the  switch  from  LSTTL  to  QMOS  has  made  it  necessary 
for  test  personnel  to  switch  from  the  testing  of  LSTTL 
functions  to  the  testing  of  the  identical  HCT  functions;  this 
Note  has  been  written  to  make  that  switch  as  easy  as 
possible.  The  widely  used  Teradyne  J283  test  system  is 
used  as  a  basic  frame  of  reference  in  this  Note;  however,  the 
test  information  given  is  applicable  to  most  other  test 
equipment  and  bench-test  situations. 

A  few  tests  (depending  on  device  tested)  in  the  LSTTL  test 
programs  designed  to  test  dc  and  function  on  the  J283 
system  are  invalid  for  use  with  HCT  devices,  and  will 
consistently  produce  erroneous  results.  These  tests  are 
easily  modified  and  made  valid  for  QMOS  general-logic 
types.  A  few  additional  tests  require  modification  if  bus 
drivers  and  transceivers  are  to  be  tested. 

LSTTL  TESTS  REQUIRED  TO  BE  MODIFIED  FOR  QMOS 

Input  Current  at  V,  =  7  V  (Appendix  I) 

Unlike  the  LSTTL  circuit  shown  in  Fig.  1(a),  HCT  circuits 
incorporate  an  input  protection  network,  as  shown  in  Fig. 
1  (b).  Because  of  this  network,  input  current  will  flow  if  the 
input  voltage  exceeds  VCc-  Therefore,  when  testing  HCT 
types,  change  the  input  voltage  from  7  volts  to  Vcc-  To  test 
for  the  exact  HCT  low-level  input  leakage  current,  modify 
the  input-voltage  setting  according  to  the  dc  characteristics 
for  54/74HCT  circuits  given  in  Appendix  II  of  this  Note. 


Input  Clamp  Voltage 

The  HCT  input-protection  network  incorporates  a  series 
resistor  that  will  cause  the  input  clamp  voltage  (with  an 
input  current  of  -18  milliamperes)  to  be  much  lower  than 
the  -1.5  volts  specified  for  LSTTL.  Since  the  input  clamp 
voltage  is  not  specified  for  HC  circuits,  this  test  could  be 
omitted,  or  changed  to  have  a  conservative  limit  of -5  volts. 
This  limit  assumes  a  200-ohm  poly-resistor  at  the  input  plus 
-1.5  volts  of  diode-to-ground  potential. 

Output  Short-Circuit  Current 

As  shown  in  Appendix  I,  an  LS02  has  an  los  (short-circuit 
output  current)  of  -20  to  -100  milliamperes.  Test  one  output 
at  a  time  and  do  not  exceed  a  one-second  test-time 
duration.  For  QMOS,  make  the  following  current-limit 
changes: 

Standard  Logic  Types:  -20  mA  to  -70  mA 
Bus  Driver  Types:  -40  mA  to  -90  mA 

Note  that  the  los  test  is  nonstandard  for  QMOS  HC  or  HCT 
types.  The  standard  specified  itlh  and  ithl  (transition  times, 
low-to-high  and  high-to-low)  values  in  QMOS  specifications 
area  preferred  method  of  directly  measuring  output  speed. 
The  los  limits  are  considered  to  be  an  indirect  (and 
inaccurate)  method  of  measuring  the  output  sink  and 
source  speed  characteristics  for  a  given  value  of  load 
capacitance. 

Hysteresis  (Bus  Driver  Types) 

Many  LSTTL  bus-driver  types  undergo  a  AVt  test  using  a 
0.2-volt-minimum  hysteresis  limit.  ForQMOS  HC  and  HCT, 
change  this  minimum  to  zero  volts  or  bypass  this  test. 

Output-Voltage-Low  Test  Current  (Bus-Driver  Types) 

LSTTL  bus  drivers  have  two  specifications  for  Vol  (low-level 
output  voltage)  test  current  which  must  be  modified  as 
shown  below  for  QMOS  types: 

lot 

Vol  Maximum     LSTTL         HC/HCT  Modification 

0.4  V  12  mA  6  mA* 

0.5  V  24  mA  8  mA 

'Specified  on  QMOS  data  sheets 

It  appears  from  the  table  above  that  QMOS  low-level  output 
current  is  inferior  to  that  of  LS,  i.e.,  24  milliamperes  versus 
only  8  milliamperes.  However,  the  los  current  and  output 
tTHL  of  QMOS  are  similar  to  those  of  LS.  The  real  significance 
of  the  24  milliamperes  is  the  ability  of  an  LSTTL  bus  driver  to 
directly  drive  a  dc  termination,  as  shown  in  Fig.  2(a).  But 
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lHI  92CM-3839I 

Fig.  1  -  Comparison  of  LSTTL  and  HCTQMOS  circuit  structures:  (a)  two-input  LSTTL  NAND  gate  (1I454I74LS00),  (6)  two-input  HCT 
QMOS  NOR  gate  (1  4  CD54/74HCT02). 

Continuity  Tests 

Keep  in  mind  that  the  QMOS  input  structure,  Fig.  1(b),  has  a 
150-ohm  resistor  in  series  with  clamp  diodes.  Therefore,  it 
is  important  to  keep  input  current  to  ±20  milliamperes 
maximum  during  continuity  testing.  With  this  amount  of 
current,  the  test  voltage  is  ±5.5  volts  maximum. 


LSTTL 
BUS  DRIVER 


J  330 


(0) 

VCC  OR  GND 


QMOS 

BUS  DRIVER 


92 CS- 38 392 

Fig.  2  -  100-ohm-Une  output  termination:  (a)  LSTTL, 
0.25  watt  per  output,  (6)  QMOS  low-power 
alternative. 

this  ability  represents  a  power  dissipation  of  0.25  watts  per 
output  section,  and  2  watts  per  octal.  For  much  lower  power 
dissipation,  use  a  QMOS  type  and  a  capacitively  coupled 
220-ohm  resistor  as  shown  in  Fig.  2(b).  The  value  of  C  in  the 
figure  depends  on  data  rate. 


MORE  COMPLETE  TESTING  OF  HC  OR  HCT  QMOS 

To  test  HC  or  HCT  QMOS  ICs  for  low-power  QMOS  data- 
sheet specifications,  several  tests  other  than  those  listed 
above  may  be  modified.  These  modifications  to  existing 
LSTTL  test  limits  or  conditions  are  described  below. 

Quiescent  Supply  Current  (Appendix  II) 

Setting  supply  current,  Ice,  for  the  output-low  condition  test 
for  HC  circuits  is  no  problem,  but  setting  it  for  the  output- 
high  condition  is  more  complicated.  If  the  Teradyne  J283 
hardware  has  not  been  modified  to  handle  CMOS,  a 
comparator  should  be  connected  to  each  of  the  outputs  of 
the  HC  circuit  when  it  is  placed  under  test.  These  com- 
parators cause  an  extra  load  current  of  about  7  micro- 
amperes per  output;  the  precise  amount  of  current  depends 
on  the  specific  piece  of  test  equipment.  The  extra  load 
currents  imposed  are  negligible  compared  with  the  Ice  of 
LSTTL  circuits,  and  can  be  ignored  when  testing  them. 
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However,  these  currents  can  be  very  significant  compared 
with  the  total  lCc  of  an  HC  type,  and  must  be  taken  into 
account  when  testing  HC  QMOS  types.  A  solution  to  this 
problem  is  to  connect  the  high  outputs  of  the  HC  type  to  VCc 
so  that  they  are  excluded  from  the  Ice  measuring  path.  This 
connection  can  be  made  with  the  Teradyne  J283  MTEST 
VCC1  A  B  C  D,  where  A,  B,  C,  and  D  are  the  outputs  in  the 
high  state. 

High-Impedance  (Olf-State)  Current  For  Types  Having 
Three-State  Outputs 

The  high-impedance  (off-state)  LSTTL  tests  can  be  run  for 
QMOS  types,  but  only  with  much  tighter  limits,  as  shown 
below: 

LSTTL  QMOS 

loz  20  j/A  5  yuA 

where  loz  is  three-state  output  off-state  current. 

Input  Leakage  Current  (All  QMOS  Types) 

Input-leakage-current  LSTTL  tests  can  also  be  run  for 
QMOS  devices  but,  again,  with  much  tighter  limits  imposed, 
as  shown  below: 


LSTTL 


QMOS 


In 


In 


-400  or  -800  /jA  -1  /uA 

+20  //A  or  +40  //A  +1  (iA 

where  l.L  is  low-level  input  current  and  lIH  is  high-level  input 
current. 


FUNCTION  TESTING 

QMOS  and  LSTTL  types  with  the  same  type  numbers  have 
identical  truth  tables.  High  level  (V0H),  low  level  (Vol),  and 
three-state  (•»  1 .5  volts  using  LS  load  circuit)  conditionsare 
met  when  HCT  devices  are  used  in  place  of  LS.  If  ac 
parameters  are  measured  as  part  of  function  testing,  LS 
speed  limits  are  almost  always  met  or  improved  upon. 

Test  personnel  should  be  aware  that  actual  ac  specifications 
for  HC  and  HCT  QMOS  logic  ICs  are  much  more  realistic 
than  for  LS,  as  shown  in  the  ac  test-specification  comparison 
in  Table  L  Therefore,  anyone  wishing  to  test  ac  parameters 
should  use  the  specifications  and  waveform  definitions 
found  in  the  prime  source  of  QMOS  information,  the  QMOS 
DATABOOK.' 

Table  I  -  AC  Test-Specification  Comparison 


Parameter 

Cu 
Vcc 
Temperature 


LSTTL 

15/45  pF 
5  V 
25°  C 


HCT  QMOS 

50  pF 

4.5  V 

25°C, 
74  (-40  to  +85°  C) 
54  (-55  to  +125°C) 


REFERENCE 

1.  QMOS  High-Speed  CMOS  Logic  ICs,  RCA  Solid  State 
DATABOOK  SSD-290. 


Appendix  I  -  DC  Characteristics  lor  LSTTL  Circuits 

These  figures  are  for  positive-logic  NAND  gates  and  inverters  with  totem-pole  outputs.  For  the  characteristics  of  other  types, 
refer  to  published  data  for  LSTTL  circuits. 
Voltages  are  referenced  to  GND  (ground  =  0  V). 


54LS  74LS 


Parameter 

Vcc 

Symbol 

Min.  Typ. 

Max  Min.  Typ. 

Max. 

Units 

Conditions 

Operating  temperature 

Tapnb 

-55  - 

125     0  — 

70 

°C 

High-level  input  voltage 

V,H 

2  — 

-      2  - 

V 

Low-level  input  voltage 

V,L 

0.8     —  — 

0.8 

V 

Input  clamp  voltage 

min. 

V,K 

-1.5    —  — 

-1.5 

V 

I,  =  -18  mA 

High-level  output  voltage 

min. 

Voh 

2.5  3.4 

-     2.7  3.4 

V 

Vil  =  max.,  Ioh  =  -400  /^A 

Low-level  output  voltage 

min. 

Vol 

—  0.25 

0.4     —  — 

0.4 

V 

V,H  =  2  V,  Iol  =  4  mA 

Low-level  output  voltage 

min. 

Vol 

—      —  0.25 

0.5 

V 

V,H  =  2  V,  Iol  =  8  mA 

Input  current  at  Vi  =  7  V 

max. 

1, 

0.1  - 

0.1 

mA 

High-level  input  current 

max. 

1* 

20 

20 

(* 

V,„  =  2.7  V 

Low-level  input  current 

max. 

In 

-0.4  - 

-0.4 

mA 

VIL  =  0.4  V 

Short-circuit  output  current 

max. 

los 

-20 

100  -20  - 

-100 

mA 

'Over  Vcc  range. 
Notes: 

For  54LS,  Vcc  =  4.5  V  to  5.5  V;  for  74LS,  Vcc  =  4.75  V  to  5.25  V. 
All  typical  values  are  at  Vcc  =  5  V,  T.mB  =  25° C. 

For  short-circuit  output  current,  only  one  output  must  be  shorted,  and  for  not  more  than  one  second 
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Appendix  II  -  DC  Characteristic!  tor  the  CD54/74HCT  Family  ot  Circuits 
Voltages  are  referenced  to  GND  (ground  =  0  V) 
T.mb  (°C) 


CD54HCT/74HCT  CD74HCT  CD54HCT 
+25  -40  to  +85  -55  to  +125 


Parameter 

High-level  input  voltage 
Low-level  input  voltage 
High-level  output  voltage 

all  outputs 
High-level  output  voltage 

standard  outputs 
High-level  output  voltage 

bus-driver  outputs 
Low-level  output  voltage 

all  outputs 
Low-level  output  voltage 

standard  outputs 
Low-level  output  voltage 

bus-driver  outputs 
Input  leakage  current 
Analog  switch  off-state 

current  per  channel 
3-state  output  off-state 

current 

Quiescent  supply  current 
SSI 

Flip-flops 
MSI 


»CC 

(V) 

Symbol 

Mln.  Typ.  Max.  Mln.  Max.  Mln.  Max. 

Units 

Conditions 
V,  Other 

4.5-5.5 
4.5-5.5 
4.5 

V,H 
V,L 
VOH 

2 

4.4 

4.5 

0.8 

2 
4.4 

0.8 

2 
4.4 

0.8 

V 
V 
V 

Vih  or  V,L  -lo  =  20  M 

4.5 

VOH 

3.98 

3.84 

3.7 

V 

Vih  or  Vil  -lo  =  4  mA 

4.5 

Voh 

3.98 

3.84 

3.7 

V 

Vih  or  Vil  -lo  =  6  mA 

4.5 

Vol 

0 

0.1 



0.1 

0.1 

V 

V,HorV,L    lo  =  20//A 

4.5 

VOL 

0.26 

0.33 

0.4 

V 

Vih  or  Vil    lo  =  4  mA 

4.5 

Vol 

0.26 

0.33 

0.4 

V 

Vih  or  Vil    lo  =  6  mA 

5.5 
5.5 

±l, 
±ls 

0.1 
0.1 

1 
1 

1 
1 

#A 

fjA 

V,h  or  Vil 

V,HOrV,L   Vs  =  Vcc 

5.5 

±loz 

0.5 

5 

10 

//A 

V,H  or  V,L  Vo* 

5.5 
5.5 
5.5 


Ice 
Ice 
Ice 


2 

—      20  — 

40 

1* 

Vcc  or 

lo  =  0 

4 

—      40  — 

80 

UA 

GND 

lo  =  0 

8 

—      80  - 

160 

lo  =  0 

*Vo  =  Vcc  or  GND  per  input  pin;  other  inputs  at  Vcc  or  GND;  lo  =  0. 


- 
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Interfacing  HC/HCT  QMOS  Logic  with  Other  Families  and 
Various  Types  of  Loads 


by  R.  Funk 


The  demand  for  smaller,  lighter,  electronic  equipment  that 
consumes  little  power  is  constant.  And  today's  logic 
designers  want  these  qualities  matched  by  digital  logic  with 
high  operating  speeds.  However,  speed  and  power,  while 
perhaps  paramount  in  the  initial  choice  of  a  logic  family,  are 
not  the  only  basis  for  decision.  Another  very  important 
factor  is  interface  flexibility:  the  inherent  capacity  of  a 
family  to  interface  with  other  logic  families  and  to  drive 
various  loads. 

This  Application  Note  describes  the  interface  capability  of 
the  new  high-speed  CMOS  CD54/74  HC/HCT  logic  families, 
probably  the  most  interface-capable  families  yet  devised. 
Fig.  1  illustrates  the  low  dc  power  consumption  and  high 
speed  of  the  HC/HCT  families,  both  prime  qualities  for 
interfacing  flexibility.  Table  I  lists  other  important  qualities. 
All  of  these  characteristics,  along  with  HC/HCT-family 
static  and  dynamic  noise  immunity,  are  discussed  in  this 
Note.  The  Note  describes  in  detail  HC/HCT  interfaces  with 
LSTTL,  CMOS  CD4000B-series,  NMOS,  and  ECL  devices, 
and  interfaces  with  terminated  buses,  displays,  and  relay  or 
stepping-motorcoils,  including  interfaces  with  nonstandard 
output  levels. 

INTERFACE  CONSIDERATIONS 

Fig.  1  shows  that  the  speeds  of  the  HC,  HCT,  and  LSTTL 
logic  families  are  equivalent.  In  fact,  the  HCT  family  is  a 
low-power  replacement  for  the  LSTTL  family,  and  is  inter- 
face compatible  with  all  TTL  families.  The  HC  family  is  a 
low-power,  high-noise-immunity  alternative  to  the  LSTTL 
family,  and  like  the  HCT  family,  will  drive  all  TTL  and  CMOS 
families  directly  at  various  fanouts,  depending  on  family. 
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Fig.  1  ■  Logic-family  speed-power  chart. 


Table  U  isa  tabulation  of  interface  techniques  used  between 
various  popular  logic  families;  the  superiority  of  the  HCT 
over  the  TTL  family  is  evident.  For  example,  the  table  shows 
there  are  4  of  6  possible  direct  interfaces  from  HCT  and  only 
2  of  6  for  TTL. 

CMOS  and  TTL  Output  Configurations 

The  typical  output  structure  of  an  HC/HCT  CMOS  IC  is 
shown  in  Fig.  2(a).  When  the  output  is  high  or  low  (Voh  or 
Vol),  its  level  is  very  close  to  Vcc  or  ground,  respectively.  In 
contrast,  the  high-level  output  voltage  for  the  standard  TTL 


Table  I  -  HC/HCT  Family  Characteristics 


Characteristic 

Supply  Voltage 

Temperature  (74  family) 
Input  Switching  Voltage 
For  VCc=5  V:  Typical 
Worst  Case 

Output  Voltage: 
Driving  other  CMOS  Logic 
Driving  TTL  (Vol) 
(Voh) 

Typ.  Output  Transition 
for  Cl  =  50  pF 

Input  Current  (typ.) 


HC 

2  V  to  6  V 

-40°Cto  +85"  C 

2.5  V 
1  V  to  3.5  V 


GND  to  Vcc 
0.4  V  (10-15  LSTTL  loads) 
3.7  V 

7  ns  (balanced) 
10  pA 


HCT 

4.5  V  to  5.5  V  rated 
2  V  to  6  V  capability 

-40°Cto  +85°  C 

1.4  V 
0.8  V  to  2  V 
(same  as  TTL  families) 

GND  to  Vcc 
0.4  V  (10-15  LSTTL  loads) 
3.7  V 

7  ns  (balanced) 
10  pA 
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Table  II  -  Interlacing  HC/HCT  QMOS  to  Other  Logic  Families 


TO: 


HC 
5  V 
Supply 


FROM: 


HCT 
5V 
Supply 


HC— 5  V  supply 
HCT— 5  V  supply 
CD4000B— 5  V  supply 
CD4000B  6-15  V  supply 
TTL* — 5  V  supply 
ECL— 10K/KH 


direct 
direct 
direct 
4049  or  4050 
pull-up  resistor 
10125 


direct 
direct 
direct 
4049  or  4050 
direct 
10125 


CD5000B 
5  V 
Supply 


direct 
direct 
direct 
4049  or  4050 
pull-up  resistor 
10125 


CD4000B 
6-15  V 
Supply 

CD4504" 
CD4504" 
CD4504" 

direct 
CD4504" 
transistor 


•Includes  LS,  S,  STD,  FAST,  ALS,  and  AS. 
"An  alternative  is  a  pull-up  resistor  and  the  CD40109  type. 


«cc 


TTL* 
5  V 
Supply 

direct 
direct 
direct 
4049  or  4050 
direct 
10124 


«cc 


n 


FROM       I  |  . 

LOGIC  1  


$D1 

OUTPUT 


ECL  10K 


10124 
10124 
10124 
transistor 
10124 
direct 


GNO 

GND 

(B) 

(A)  (B)  (C) 


Fig.  2  -  Typical  output  configurations  of:  (a)  HC/HCT  devices 
-  D1  and  D2  are  the  inherent  diodes  ol  the  p-drain  and 
the  n-drain,  respectively,  (b)  standard  TTL,  and  (c) 
low-power  Schottky  TTL  {LSTTL). 
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circuit  shown  in  Fig.  2(b)  is  limited  by  the  Vbe  of  Q1  plus  the 
voltage  drop  across  D1,  resulting  in  a  maximum  Voh  of  3.5 
volts  at  a  Vcc  of  5  volts.  Further,  if  a  collector  current  is 
flowing,  R1  will  cause  an  additional  voltage  drop,  and  the 
worst-case  VOH  minimum  specified  for  TTL,  2.4  volts  (at  Ioh 
maximum)  over  the  full  temperature  and  power  supply 
range,  may  be  realized.  The  low-level  output  voltage  for 
TTL  is  the  collector/emitter  saturation  voltage  of  Q2,  and 
Vol  will  range  from  0.2  volt  to  0.5  volt  maximum  depending 
on  the  fanout  and,  hence,  total  sink  current. 

I  n  the  output  structure  for  the  LSTTL  device  of  Fig.  2(c),  Voh 
is  limited  by  the  Vbe  of  both  Q1  and  Q3  (the  diode  is  not 
considered  a  part  of  the  LSTTL  output  structure)  and  is 
typically  3.4  volts.  LSTTL  specifications  quote  V0H(min)  as 
2.7  volts  over  the  full  temperature  range  with  a  Vcc(min)  of 
4.75  volts.  The  maximum  value  of  Vol  for  LSTTL  can,  again, 
range  from  0.2  to  0.5  volt  depending  on  application  and 
temperature  conditions. 


CMOS  Input  Structures 

The  input  structure  for  HC/HCT  devices  is  shown  in  Fig. 
3(a).  Under  normal  operating  conditions,  the  input  voltage 
should  swing  within  the  supply  voltage  limits  of  Vcc  and 
ground,  since  exceeding  these  limits  can  cause  a  current  to 
flow  through  the  input  protection  diodes,  D1  and  D2.  The 
maximum  transient  current  permitted  through  these  diodes 
is  20  milliamperes;  if  this  limit  is  exceeded,  the  functionality 
of  the  circuit  could  be  impaired.  As  the  MOS  transistors  Q1 
and  Q2  are  electrically  identical,  the  typical  input  switching 
voltage  of  the  HC  device  is  VCc/2. 

The  input  configuration  for  HCT  devices  is  similar  to  that  for 
HC  circuits,  but  with  the  addition  of  a  level-shifting  diode, 
D3,  between  PMOS  transistorQI  and  VCc-Thisconfiguration 
is  shown  in  Fig.  3(b).  The  effect  of  D3,  combined  with  the 
large  NMOS  transistor  Q2,  which  has  a  higher  gain  than 
PMOS  transistor  Q1,  is  to  reduce  the  input  switching  level 
to,  typically,  1.4  volts. 
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Fig.  3  -  Typical  input  structures  of:  (a)  HC  devices,  and  (6) 
HCT  devices. 
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as  low  as  '£A  voits,  ana  aunougn  n  win 
be  recognized  as  a  logic  1 ,  the  PMOS  transistor  Q1  will  not 
be  fully  cut  off,  allowing  a  flowthrough  current  between  Vcc 
and  ground.  However,  D3,  and  the  influence  of  the  back- 
gate  (substrate)  connection  of  Q1  to  Vcc,  dramatically 
reduces  the  flowthrough  current  and,  therefore,  reduces 
the  power  dissipation  in  the  input  stage  while  maintaining 
device  input  switching  levels  compatible  with  LSTTL. 

HC/HCT  INTERFACES 

When  HCT  and  LSTTL  devices  operate  from  the  same 
supply,  the  quiescent  flowthrough  current,  lc,  at  ViH  =  2.4  V 
and  Vcc  =  4.5  V  is  typically  only  100  microamperes.  This 
means  that  the  HCT  input  structure  provides  low  CMOS- 
type  power  dissipation,  even  when  driven  from  TTL.  If  Vcc  is 
increased  to  5.5  volts,  the  minimum  high-level  output 
voltage  also  rises  1  volt  to  3.4  volts. 

When  interfacing  LSTTL  with  HC/HCT  devices  in  a  dual- 
supply-voltage  system,  the  following  worst-case  conditions 
apply: 

VOH(min)  for  TTL  =  2.4  V 
VoH(min)  for  LSTTL  =  2.7  V 
and 

Vm(min)  for  HC  devices  =  3.85  V  (70%  of  Vcc) 

ViH(min)  for  HCT  devices  =  2  V 
where  Vcc  =  4.75  V  for  TTL  and  5.5  V  for  HC  devices  over  the 
full  operating  temperature  range. 

It  is  clear  from  the  above  figures  that  the  worst-case  TTL 
high-level  output  voltage  is  less  than  the  minimum  high- 
level  input  voltage  for  HC  devices,  and  that  some  special 
interface  technique  is  required.  A  solution  is  provided  in  the 
circuit  in  Fig.  4(a),  where  pull-up  resistor  R1  pulls  the  output 
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Techniques  for  interfacing:  (a)  LSTTL  with  HC  devices, 
and  (b)  LSTTL  with  HCT  devices,  and  HC/HCT  with 
LSTTL  devices. 


voltage  of  the  LSTTL  against  Vcc.  However,  this  technique 
is  not  recommended  because  the  time-constant  formed  by 
the  pull-up  resistor  and  the  stray  capacitance  (Cs),  plus  the 
load  capacitance  (Cl),  will  increase  the  propagation  delay. 
Furthermore,  with  this  set-up,  the  propagation  time  is  less 
predictable  because  it  relies  on  both  active  and  passive  RC 
time-constants. 

Although  a  low  value  for  R1  will  reduce  the  propagation 
delay,  it  will  lead  to  extra  power  consumption  and  reduce 
the  noise-margin-low  (discussed  further  below  under  Noise 
Immunity)  due  to  the  active  load.  Both  of  these  unwanted 
occurrences  conflict  with  the  purpose  of  using  HC  family 
devices.  In  addition,  the  pull-up  resistor  requires  board 
space  and  insertion  time,  thus  increasing  production  costs. 
Therefore,  the  pull-up  resistor  interface  should  be  used 
only  if  unavoidable.  The  practical  solution  is  to  use  HCT 
devices  (all  types  in  the  CD54/74  family  are  available  in  both 
HC  and  HCT  versions),  which  interface  directly  with  LSTTL, 
as  shown  in  Fig.  4(b). 


ground,  they  are  TTL-input  compatible,  and  the  interface  is 
a  direct  connection,  Fig.  4(b). 

When  an  HCT  device  is  the  driving  source  for  an  LSTTL 
device,  the  speed  can  be  accurately  predicted  because  the 
LSTTL  logic-switching  threshold  of  1 .3  volts  is  the  same  as 
that  for  HCT  ICs.  For  HC  driving  sources,  the  speed 
difference  introduced  by  the  HC  logic  switching  threshold 
of,  typically,  Vcc/2  can  be  calculated  from  the  specified 
output  transition  times  (obtained  from  the  appropriate  Data 
Sheets). 

Table  III  gives  the  driving  capability  (fanout)  of  HC/HCT 
devices  for  the  various  TTL  families. 

Table  III  -  Maximum  Fanout  for  HC/HCT  Driving  TTL 

Receiving  Standard  Bus-Driver 

Input  Output  Output 

TTL  2  3 

LSTTL  10  15 

STTL  2  3 

FAST  6  10 

CD4000  B-Serles  CMOS 

HC/HCT  devices  can  be  coupled  directly  to  standard 
CD4000B-series  CMOS  ICs  if  they  operate  from  the  same 
supply  voltage.  However,  if  the  circuits  have  different 
supply  voltages,  level  shifting  is  necessary.  The  configur- 
ation shown  in  Fig.  5(a)  illustrates  the  circuit  for  HC/HCT  to 
CD4000B  interfaces  using  the  CD4504  low-to-high  level 
shifter.  Note  that  this  IC  is  capable  of  interfacing  either  TTL 
output  logic  levels  or  CMOS  logic  levels  to  a  higher  output- 
voltage  level.  The  reader  is  reminded  that  the  CD4000B 
CMOS  logic  family  may  be  operated  up  to  18  volts;  the 
HC/HCT  family  operates  at  up  to  a  6-volt  supply-voltage 
level,  but  also  down  as  low  as  2  volts. 

Fig.  5(b)  shows  how  to  interface  the  CD4000B  series  with 
HC/HCT  ICs  using  the  CD4049/4050B  or  HC4049/4050 
buffer  ICs.  These  buffers  do  not  have  an  input  clamping 
diode  to  Vcc,  so  that  the  maximum  input  level  is  15  volts.  The 
logic-level  switching  threshold  remains  referenced  to  Vcc2l 
therefore,  the  noise-margin-low  will  be  the  same  as  for  the 
5-volt  specification. 


FOR  HC: 

VCC1  =  2  V  TO  X  V 
VCC2  =  X  VTO  15  V 
WHERE  2<  x<6 


CD4000E 
CMOS 

FOR  HCT: 

VCC1  =  4.5  V  TO  5.5  V 
VCC2  =  VCC1  TO  15  V 


CD4000B   CD4049B/HC4049  HC/HCT 
CMOS  CD4050B/HC4050 
FOR  HC:  FOR  HCT: 

VCC1=*VT015V  VCC1=6VT015V 
Vcc2  =  2VT0xV  VCC2=  4.5  VTO  5.5  V 

WHERE  2<  x  <  6 

FOR  CD  SERVICES:  vcc(min)=  3  V 

^  92CS-38620 

Fig.  5  -  Techniques  for  interfacing:  (a)  HC/HCT  devices  with 
CD4000B  series  CMOS,  and  {b}  CD4000B  series  CMOS 
with  HC/HCT  devices. 
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NMOS 

The  rules  for  interfacing  TTL  apply  when  interfacing 
HC/HCT  devices  with  NMOS  devices  (microprocessors, 
memories,  etc.)  since  NMOS  ICs  generally  have  TTL- 
compatible  inputs  and  outputs.  Exceptions  are  NMOS  ICs 
with  open-drain  outputs,  where  a  pull-up  resistor  must  be 
used  to  load  the  output.  The  HOT  device  inputs  directly 
accept  active  NMOS  output-voltage  levels. 

ECL  10K 

To  interface  HC/HCT  ICs  with  ECL  10K-series  logic,  the 
10124  TTL-to-ECL  and  the  10125  ECL-to-TTL  translator 
ICs  (for  HC/HCT-to-ECL  and  ECL-to-HC/HCT  interfaces, 
respectively)  are  used.  Note  that  these  devices  operate  at 
TTL  levels.  When  employing  the  10125  for  interfacing  HC 
circuits,  the  pull-up  resistor,  R1,  must  be  used  in  accordance 
with  the  instructions  for  driving  HC  devices  from  TTL.  The 
circuit  configurations  are  shown  in  Figs.  6(a)  and  6(b).  Note 
that  if  an  HCT  device  is  used  in  the  ECL  interface  (the 
definite  preference)  the  pull-up  resistor  of  Fig.  6(a)  is 
eliminated. 
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Fig.  6  -  Techniques  tor  interlacing:  (a)  ECL  10K  logic  with 
HC/HCT  circuits  -  R1  isonly  required  when  driving  HC 
types,  and  (b)  HC/HCT  devices  with  ECL  1 0K  logic. 


Terminated  Buses 

Buses  are  used  chiefly  in  industrial  applications.  The  harsh 
environments  found  in  these  applications  impose  several 
requirements  on  microprocessor-based  systems;  elec- 
trical-noise immunity  and  the  need  for  battery  back-up  are 
two  examples.  The  CMOS  technology  provides  the  ideal 
solution  to  these  requirements.  The  HC  CMOS  devices 
offer  superior  noise  immunity,  similar  operating  speed,  and 
lower  power  dissipation  over  a  wider  temperature  and 
supply-voltage  range  in  comparison  with  LSTTL  ICs.  The 
noise  immunity  in  the  low  logic  state  is  the  same  for  HCT 
devices  as  for  LSTTL. 

The  development  of  a  new  bus  standard  for  CMOS  systems 
should  be  based  on  the  performance  of  the  devices  available 
with  bus-driver  outputs,  for  example,  the  CD54/74HC245 
transceiver.  Figs.  7(a)  and  7(b)  show  examples  of  con- 
ventional TTL  and  HC/HCT  bus  terminations,  respectively. 
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(B) 
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Fig.  7  -  Examples  ol bus  terminations  used  in:  {a)conventional 
bipolar  {TTL)  technologies  and  (b)  HC/HCT  systems. 


The  particular  disadvantage  to  the  theveninized  120-ohm 
termination  of  Fig.  7(a),  the  conventional  TTL  bus  termin- 
ation, is  the  0.25  watt  dissipated  continuously  by  the 
combination  of  the  output  driver  and  the  120-ohm  load. 
This  dissipation  represents  2  watts  for  an  octal  buffer. 

The  HC/HCT-family  bus  drivers  have  a  6-milliampere  sink 
current,  not  the  12  milliamperes  of  LSTTL,  and  are  not 
designed  to  directly  drive  the  120-ohm  load  of  Fig.  7(a)  for 
two  reasons:  first,  2  watts  dissipation  does  not  represent  a 
low-power  solution,  and  second,  HC/HCT  outputs  could  be 
designed  to  match  the  very  high  2-watt-dissipation  appli- 
cation of  Fig.  7(a),  but  would  also  generate  much  higher 
switching-current  transients,  which  would  push  up  EMI  to 
inappropriately  high  levels.  Therefore,  the  interface  of  Fig. 
7(b)  is  preferred  for  its  much  lower  power  consumption  and 
lower  EMI.  The  value  of  C  in  Fig.  7(b)  is  carefully  selected 
for  the  range  of  frequencies  (data  rates)  on  the  bus. 

HC/HCT  devices  do  not  generally  have  input  hysteresis,  so 
that  Schmitt-trigger  circuits  should  be  used  if  slow,  noisy 
bus  rise  and  fall  voltages  call  for  hysteresis  in  the  receiver. 
The  CD54/74HC/HCT14  and  132  are  two  ICs  that  can  be 
used  for  noise-tolerant  systems.  Five  devices  in  the  flip-flop 
series  (CD54/74HC/HCT73,  74, 107, 109,  and  112)  also  have 
Schmitttriggers  in  the  clock  input.  Note  that  HC  devices  are 
preferred  over  HCT  devices  as  bus  receivers  because  of 
their  high  low-level-input  noise  margin  (typically  2  volts). 

Nonstandard  Levels 

In  many  applications,  CD54/74  high-speed  CMOS  ICs  will 
have  to  interface  with  nonstandard  input  and  output  levels, 
for  example,  with  industrial  or  automotive  systems  operating 
from  a  12  to  24-volt  supply.  The  circuits  in  Figs.  8(a)  and 
8(b)  show  the  basic  design  rules  for  these  interfaces.  Fig. 
8(c)  illustrates  an  example  of  a  user-edge  input  circuit  for 
interfacing  with  input  levels  greater  than  Vcc-  The  configur- 
ation for  HC/HCT  devices  driving  loads  from  an  external 
power  supply  is  given  in  Fig.  9(a).  Figs.  9(b)  and  9(c)  show 
HC/HCT  devices  driving  loads  (for  example,  a  relay)  on  the 
same  supply  voltage. 

Fig.  10(a)  is  an  interesting  low-cost  but  also  lower-speed 
high-to-low  interface:  12  to  5-volt  logic  levels  using  only 
100-kilohm  resistors  in  series  with  each  input.  Fig.  10(b) 
shows  why  this  interface  is  reliable  with  good  noise  margins; 
RCA  HC/HCT  designs  guarantee  that  forced  input  current 
into  Vcc  will  result  in  less  than  0.05  of  this  current  flowing 
into  ground.  In  Fig.  10(b),  Vil  at  B  is  less  than  0.34  volt,  well 
under  the  specified  VV  of  1-volt  maximum.  Other  high-to- 
low  voltage-interface  combinations  with  different  resistor 
values  may  be  determined  with  knowledge  of  the  0.05  value 
of  current  gain  (or)  between  adjacent  inputs. 
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Fig.  8  -  Technique  for  interfacing:  {a)  nonstandard  logic  levels 
with  HC/HCT  circuits  -  values  of  R1  and  R2  depend  on 
the  output  voltage  of  the  driving  circuit  and  C1  depends 
on  the  noise  and  speed,  (b)  HC/HCT  devices  with 
nonstandard  logic  levels  -  values  of  R1  and  R2  depend 
on  supply  voltage  and  transistor  type,  and  (c)  a  user- 
edge  input  circuit  configuration  for  interfacing  with 
input  voltages  greater  than  Vcc- 


Fig.  9  -  Interfacing  loaded  HC/HCT  devices:  (a)  an  external 
power  supply  via  a  transistor,  (b)  the  same  power 
supply  via  a  transistor,  (c)  the  interfacing  of  HC/HCT 
directly  with  loads  on  the  same  power  supply. 


GND  =  LOGIC  0 
+  12V  5  LOGIC  1 


92CS-38628 

Fig.  10  -  Low-cost,  low-speed  12-volt-logic  to  5-volt-logic  interfaces. 


The  typical  value  of  alpha  (a)  for  the  bipolar  parasitic  input 
transistor  is  0.001.  The  low  value  of  alpha  is  an  important 
feature  of  the  RCA  HC/HCT  family  because  it  eliminates 
transient  logic  errors  in  the  presence  of  transient  voltages 
exceeding  Vcc  at  any  input. 

Displays 

The  CMOS  technology,  with  its  rail-to-rail  output  switching, 


is  just  as  ideal  for  HC/HCT  family  devices  driving  LCD 
displays  as  it  has  been  for  CD4000B-series  devices.  Fig. 
1 1(a)  illustrates  the  basic  BCD-to-7-segment  LCD  interface 
(HC/HCT4543)  plus  the  single-segment  LCD  interface 
using  the  HC/HCT  86  type.  The  popular  451 1  type  is  carried 
into  the  HC/HCT  family  for  the  basic  LED  BCD-to-7- 
segment  interface,  as  illustrated  in  Fig.  11(b). 
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Fig.  11  -  Display  interfacing:  (a)  LCD,  (b)  and  (c)  LED,  (d)  lamp. 


For  single-segment  LED  interface,  the  open  drain  74HC/ 
HCT03  type  is  ideal,  Fig.  11(c).  Since  the  03  type  does  not 
have  an  output-to-Vcc  forward  diode  in  its  output  circuit,  the 
LED  may  be  supplied  by  up  to  10  volts.  R  may  be  useful  in 
limiting  current  and  reducing  power.  This  same  03  type  can 
also  be  used  for  driving  an  indicator  lamp,  as  shown  in  Fig. 
11(d). 

Relay  or  Stepping  Motor  Colls 

Another  application  of  the  open  drain  HC/HCT03type  is  the 
relay  or  stepping  motor  interface  shown  in  Fig.  12.  The 
external  diode  across  the  coil  absorbs  the  back  emf  of  the 
coil. 

L2  MOSFET  Power  Transistor 

RCA  logic  level  (L2)  MOS  power  transistors,  Fig.  13,  are 
ideally  driven  by  any  HC/HCT  output.  Higher  switching 
speeds,  200  nanoseconds,  are  achieved  using  the  bus-drive 
output  types.  HC/HCT  outputs  will  reliably  switch  these 
new  L2  MOS  power  devices  using  only  a  5-volt  supply  for 
Vcc;  this  is  truly  a  breakthrough  in  power-transistor-interface 
applications  cost. 
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)VCC 


HC/HCT  TYPE 


IT 
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Fig.  12  -  Coil  driver. 


Fig.  13  -  L2  MOSFET  power-transistor  drive. 


NOISE  IMMUNITY  IN  THE  HC/HCT  FAMILY 
General 

The  noise-immunity  characteristics  of  logic  devices  can  be 
divided  into  two  categories,  static  and  dynamic.  Static  noise 
immunity  can  be  divided  further  into  static  noise-immunity- 
low,  the  difference  between  the  ViL(max)  of  the  receiving 
circuit  and  the  VoL(max)  from  the  driving  current,  and  static 
noise-immunity-high,  the  difference  between  the  VoH(min) 
from  the  driving  circuit  and  the  ViH(min)  of  the  receiving 
circuit. 

The  guaranteed  static  noise-immunity  characteristics  for 
LSTTL  and  HC/HCT  devices  are  shown  in  Table  IV.  If  the 
static  noise  margins  for  LSTTL  are  assumed  to  be  unity,  (for 
both  the  high  and  low  states),  a  direct  comparison  of  LSTTL 
and  HC/HCT  static  noise  margins  can  be  made  by  taking 
the  ratio  shown  in  Table  V.  These  results  are  particularly 
impressive  when  the  extended  ambient  temperature  range 
and  the  lower  supply  voltage  of  the  HC/HCT  family  is 
considered. 
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Table  IV  -  Static  Noise  Margins  for  LSTTL  at  Vcc=4.75  V 
and  HC/HCT  Systems  at  VCc=4.5  V 


LSTTL 

HC 

HCT 

VoH(min) 

2.7  V 

4.4  V 

4.4 

ViH(min) 

2  V 

3.15  V 

2 

Noise-Margin-High 

0.7  V 

1.25  V 

2.4  V 

Vit.(max) 

0.8  V 

0.9  V 

0.8  V 

VoL(max) 

0.4  V 

0.1  V 

0.1  V 

Noise-Margin-Low 

0.4  V 

0.8  V 

0.7  V 

Table  V  -  Ratio  of  Static  Noise  Margins,  LSTTL  to  HC/HCT 


LSTTL 

1 
1 


HC 

1.75 
2 


HCT 

3.4 
1.75 


Noise-Margin-High 
Noise-Margin-Low 

Ambient  Temperature 

Range  (T.ml))  0  to  +70°  C    -40  to  +85°  C  -40  to  +85°  C 

Supply  Voltage  (Vcc)     4.75  V  4.5  V  4.5  V 

The  graph  in  Fig.  14(a)  compares  the  static  noise  margins 
for  HC  devices  with  those  for  LSTTL.  The  graph  illustrates 
that  while  HC  circuits  can  drive  LSTTL  (as  VoH(min)  for  an 
HC  device  is  greater  than  ViH(min)  for  an  LSTTL  device),  the 
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Fig.  14  -  Static  noise  margins  lor:  [a)  HC  devices  compared  with 
LSTTL,  and  (b)  HCT  devices  compared  with  LSTTL  in 
a  mixed  technology  system. 


converse  is  not  true  (since  V0H<min)  for  LSTTL  is  less  than 
VoH(min)  for  HC;  there  is  no  overlap  in  the  noise-margin- 
high  regions).  Therefore,  the  noise-margin-high  for  LSTTL 
driving  HC  devices  is  said  to  be  negative,  which  explains  the 
reason  for  the  problematical  external  pull-up  resistor 
interface  described  in  Fig.  4(a). 

In  a  mixed-technology  system  with  fully  loaded  HCT 
outputs  driving  LSTTL  inputs,  the  static  noise-margin-low 
is  equal  for  both  families,  and  the  HCT  devices  exhibit  an 
excellent  static  noise-margin-high  that  encompasses  that 
displayed  by  LSTTL.  This  situation  is  illustrated  by  the 
graph  in  Fig.  14(b),  which  shows  that  HCT  and  LSTTL 
devices  are  fully  interchangeable  in  a  mixed-technology 
system. 

Dynamic  noise  Immunity 

Dynamic  noise  immunity  for  HC/HCT  circuits  also  falls  into 
two  categories,  high  and  low.  The  dynamic  noise-margin- 
low  is,  again,  the  smaller  of  the  two,  and  is,  therefore,  the 
parameter  considered  here. 

To  plot  the  dynamic  noise-margin-low  for  HC/HCT  devices, 
a  pulse  of  known  magnitude,  Vp,  is  applied  to  the  input  of  a 
device;  its  width,  tw,  is  then  increased  until  the  device  just 
begins  to  switch.  The  input  level  on  which  Vp  is  based  is 
equal  to  the  switching  voltage  minus  the  worst-case  static 
noise-margin-low.  Pulse  width,  tw,  is  measured  at  half  pulse 
height,  Vp/2,  and  the  rise  and  fall  times,  t,  and  tt,  are  0.6 
nanosecond.  Vp  is  reduced  in  increments  and  the  tw  for 
each  new  value  ascertained.  The  test  is  repeated  over  a 
series  of  varying  supply  voltages  (Vcc  between  2  and  6  volts 
for  HC  and  at  5  volts  for  HCT)  and  output  currents,  lo- 

The  resulting  graphs  in  Figs.  15(a)  and  15(b)  illustrate  the 
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Fig.  15 


Dynamic  noise  immunity  characteristics  {worst-case, 
fully  loaded  driver)  lor:  (a)  HC  devices  and  (6)  HCT 
devices. 
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circuits,  respectively.  Note  that  an  increase  in  l0  lowers  the 
curve  and  reduces  the  dynamic  noise  immunity.  As  these 
curves  illustrate  for  the  worst-case  conditions  with  fully 
loaded  HC/HCT  devices,  a  system  using  only  HC  or  HCT 
circuits  will  demonstrate  an  increase  in  dynamic  noise 


Derived  from  the  typical  input  switching  threshold  levels  of 
1.3  and  2.5  volts  for  HC  and  HCT,  respectively,  the  noise 
immunity  characteristics  will  show  a  typical  improvement 
of  0.8  volt  in  HCT  systems  and  1.2  volts  in  HC  systems. 


Power-Supply  Distribution  am 
For  QMOS  High-Speed-Logic 

The  HC  and  HCT  high-speed  QMOS  IC  logic  families 
available  from  RCA  offer  the  user  many  advantages  over 
TTL  logic  families.  These  advantages  include  much  lower 
power  consumption,  better  noise  margin  (mainly  in  the  HC 
devices),  wider  operating-voltage  range,  wider  operating- 
temperature  range,  lower  input  current,  lower  three-state 
current,  superior  high-to-low  and  low-to-high  output 
transition  time  and  propagation  delay  balance,  and  better 
reliability.  However,  HC/HCT  CMOS  does  share  one 
common  liability  with  LSTTL:  switching  transients  gener- 
ated on  the  ground  and  supply  rails  can  dangerously 
reduce  logic  noise  margin  if  not  compensated. 

Higher  speeds,  faster  edges,  and  higher  output-drive 
currents  cause  higher-frequency  current  transients  to  be 
imposed  on  ground  and  VCc  rails  of  an  IC.  The  familiar  L 
di/dt  voltage  transient  is  developed,  its  value  depending  on 
the  inductance  in  the  ground  or  Vcc  connection  from  chip  to 
IC  lead.  For  octal  bus-driver  types,  one  volt  of  L  di/dt  is 
possible  depending  on  inductance,  device  decoupling,  and 
power-supply  decoupling.  This  Note  focuses  on  power- 
supply  distribution  and  decoupling  to  reduce  switching 
noise.  One  source  of  this  noise,  an  important  system  factor 
relative  to  IC  switching,  is  rf  radiated  noise,  noise  that  can 
interfere  with  communications  in  the  local  area.  Some 
general  ways  to  reduce  L  di/dt  rf  noise,  i.e.,  voltage 
generation  on  ground  and  supply  lines,  are  described 
below. 

POWER  DISTRIBUTION 

Before  decoupling  can  provide  any  noise  reduction,  there 
must  first  be  a  good  power-distribution  network.  A  good 
ground  connection  is  vital,  and  so  a  good  connection 
pattern  is  required. 

The  commonly  accepted  ground  pattern  shown  in  Fig.  1 


92CS- 38833 

Fig.  1  -  Common  ground  path  on  two-sided  board. 


I  Decoupling 
ICs 

by  R. Funk 


can  cause  problems.  In  the  figure,  an  output  from  device  1 
drives  an  input  to  device  2,  and  an  output  from  device  3 
drives  an  input  to  device  4.  Si  nee  the  signal  path  1  to  2  and  3 
to  4  are  not  coupled,  there  should  be  no  crosstalk.  However, 
devices  1  and  3  share  the  crosshatched  part  of  the  ground 
line,  as  shown,  and  switching  of  the  output  of  device  1  could 
produce  a  spike  on  the  ground  of  device  3,  causing  the  input 
to  device  4  to  switch.  It  is,  therefore,  advisable  to  reduce  the 
single  ground  path  on  a  double-sided  board  by  using  links, 
as  shown  in  Fig.  2.  This  advice  is  especially  true  for  boards 


Fig.  2  -  Reducing  ground  paths  on  two-sided  board. 


where  high  currents  are  switched.  Avoid  using  jumpers  like 
the  one  shown  in  Fig.  3  for  ground  and  power  line  (Vcc) 
connections.  Jumpers  are  unlikelyto  be  used  in  production 
printed-circuit  boards,  but  they  should  also  be  avoided  on 
prototype  and  single  boards  because  the  inductance  they 
introduce  into  the  lines  permits  coupling  between  outputs. 
Printed-circuit  boards  equipped  with  premanufactured 
ground  connections  or  copper  strips  to  connect  the  pins  to 
ground  should  be  used. 


BAD  PRACTICE  BETTER 

92C5- 38830 


Fig.  3  -  Ground  connection  on  a  logic  board. 
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An  even  better  solution  is  to  use  multilayer  printed-circuit 
boards,  where  different  layers  can  be  used  for  the  supply 
rails  and  the  copper  interconnections.  The  capacitive 
coupling  between  ground  and  Vcc  is  essential  for  high- 
frequency  noise-pulse  reduction.  The  capacitive  coupling 
has  the  distinct  advantage  of  being  free  from  the  inductive 
effects  of  the  interconnections  and,  therefore,  acts  like  a 
discrete  decoupling  capacitor. 

Even  with  double-sided  boards,  it  is  advisable  to  have  the 
Vcc  and  ground  lines  on  opposite  sides  of  the  board 
wherever  possible.  A  less  expensive  alternative  to  multilayer 
boards  is  the  multiwire  board,  which  offers  the  same  high- 
frequency  noise  characteristics. 

No  matter  what  type  of  board  is  used,  it  is  recommended 
that  it  have  at  least  five  ground  pins  per  connector  to  assure 
ground-current  distribution.  The  precautions  taken  with 
ground  lines  also  apply  to  the  Vcc  line.  Power-line  stability  is 
a  must,  a  difference  of  only  0.5  V  between  Vcc  lines  can 
produce  unwanted  effects.  It  is  advisable  to  provide  separate 
power  stabilization  for  each  board  to  isolate  noise  sources 
and  to  eliminate  large  stabilizer  circuits  with  their  heavy- 
gauge  (low-impedance)  wiring  to  each  board.  However, 
care  must  betaken  in  designing  power  stabilization  because 
a  fault  on  a  board's  stabilizer  circuit  may  be  transmitted  via 
the  HC/HCT  input  structure  to  other  boards,  possibly 
causing  damage. 

DECOUPLING 

No  matter  how  good  the  Vcc  and  ground  connections,  all 
line-inductance  effects  cannot  be  avoided.  This  is  where 
decoupling  plays  its  part.  Ceramic  capacitors  are  the 
nearestapproximation  to  ideal  decoupling  capacitors  since 
they  have  almost  no  series  inductance.  But  the  advantage  of 
using  inductance-free  capacitors  is  lost  if  long  connections 
to  the  capacitor  are  used.  These  over-long  connections  can 
result  in  a  tuned  LC-circuit  with  a  very  high  Q  factor.  The 
oscillations  produced  would  have  a  worse  effect  on  the 
circuit  than  if  there  were  no  decoupling  at  all.  If  it  is  not 
possible  to  make  the  decoupling  connections  shorter  than 
20  mm,  place  tracks  in  parallel,  with  a  separation  of  at  least 
one  track  width,  as  shown  in  Fig.  4.  Making  the  connections 
thicker  will  have  almost  no  effect. 
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Fig.  4  -  Comparison  of  decoupling  tracks. 


The  capacitors  to  be  used  should  be  carefully  selected. 
Many  capacitors  are  produced  with  leads  bent,  as  shown  in 
Fig.  5(a);  these  may  introduce  unwanted  inductance.  The 
best  capacitors  are  those  with  leads  shaped  as  in  Fig.  5(b). 

In  tests,  good  decoupling  was  obtained  by  using  a  minimum 
of: 

-  one  47  /jF  bulk  capacitor  per  standard  IC  card 

-  one  1  //F  tantalum  capacitor  per  10  packages  of  SSI  logic 

-  one  22  nF  ceramic  capacitor  for  each  octal  bus-driver 
circuit  and  for  each  counter/shift  register  (MSI  logic) 

-  one  22  nF  ceramic  capacitor  per  four  packages  of  SSI 
logic 
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(A)  (B) 
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Fig.  5  -  Optimum  capacitor  lead  shape. 
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Replacing  LSTTL  with  QMOS  High-Speed  Logic  ICs 

by  J.  Nadolski 


Until  the  development  of  RCA  HC  and  HCT  high-speed- 
CMOS  logic  ICs,  high-speed  logic  devices  were  available 
only  in  the  high-power-consuming  bipolar  technology.  The 
HC/HCT  QMOS  family  features  LSTTL  speed  along  with 
many  performance  features  superior  to  LSTTL.  HCT  CMOS 
ICs  have  TTL-compatible  input-voltage  levels  and  are 
intended  to  be  CMOS  substitutes  for  bipolar  LSTTL  logic 
ICs  of  the  same  type.  HC  CMOS  ICs  have  CMOS  voltage- 
level  input  compatibility  and  feature  high  noise  immunity  in 
all-CMOS  system  designs. 

Replacement  of  an  LSTTL  IC  with  an  HCT  IC  provides  the 
identical  logic  function,  same  pin  out,  same  speed,  and 
same  general-purpose  logic  fanout  of  10  LSTTL  loads,  but 
with  much  less  power  dissipation.  LSTTL  bus-driver  types 
can  drive  100-ohm  transmission-line  terminations,  but  at  a 
huge  sacrifice  in  system  power  consumption.  Techniques 
that  can  be  used  to  terminate  100-ohm  lines,  and  other 
types  of  low-power  terminations  involving  LSTTL  and 
QMOS  ICs,  are  presented  in  this  Note. 

PERFORMANCE  COMPARISON 

Of  paramount  importance  in  the  comparison  of  LSTTL  and 
QMOS  (HCT)  performance  are  the  identical  input-voltage 
specifications  of  the  two  technologies: 

V,L(max)  =  0.8  V 

V,H(min)  =  2V 

Table  I  is  a  comparison  of  all  applications-related  para- 
meters. It  is  evident  from  this  table  that  not  only  does  HCT 
QMOS  substitute  easily  for  LSTTL,  but  system  performance 
is  enhanced  through  such  characteristics  as  better  signal 
transition  time  and  propagation  delay  balance,  better  noise 
margin,  and  lower  supply  and  signal-line  currents.  The 
comparisons  below  follow  the  organization  of  Table  I. 

Power  Consumptlon-(dc) — HCT  power  consumption  is 
essentially  zero  in  comparison  to  LSTTL.  ac  (operating)  — 
HCT  power  is  frequency  dependent  and  comparable  to 
LSTTL  at  continuously  high  operating  frequencies.  Gener- 
ally, HCT  power  is  much  lower  because  average  logic  data 
rates  are  under  1  MHz.1 

Voltage— HC/HCT  CMOS  requires  much  less  voltage 
regulation  than  LSTTL.  HCT  devices  can  actually  operate  at 
2  to  6  volts,  although  they  are  specified  for  4.5  to  5.5  volts. 

Temperature— Commercial-grade  HC/HCT  CMOS  is  more 
realistically  rated  than  LSTTL,  -40°  C  to  +85°C,  not  the  very 
limiting  0  to  +70°C  of  most  LSTTL  74  families. 

Noise  Margin— HCT  interfacing  with  HCT  or  with  LSTTL 
provides  improved  noise  margin,  particularly  at  the  high 
end  of  the  operating  range  where  outputs  swing  to  5  volts. 

Stablllty-The  CMOS  input  PMOS/NMOS  pair  has  less 
switching-voltage  shift  with  temperature  variation  than 


LSTTL,  an  inherent  circuit  advantage  compared  to  the 
LSTTL  diode  input  design  with  its  temperature  sensitivity. 
This  HCT  advantage  provides  better  noise  margin  over  the 
device  operating-temperature  range  and  better  stability  of 
RC  astable  multivibrators  with  temperature  variation  when 
these  circuits  employ  HCT  ICs. 

Output  Drive  Current— HC/HCT  CMOS  has  better  source 
current  than  LSTTL  and  sufficient  sink  current  for  LSTTL 
interfacing  requirements.  Sink  current  is  lower  than  in 
LSTTL;  this  characteristic  minimizes  current  spiking  and 
EMI  generation  in  RCA  QMOS  devices.  This  Note  will  delve 
into  line  terminations  relative  to  sink  current,  the  one  area 
where  differences  in  equipment  design  may  exist  depending 
on  the  high-speed  logic  family  used. 

Timing— The  HC/HCT  output-stage  PMOS/NMOS  tran- 
sistors are  designed  for  balance  at  saturation  in  order  to 
provide  balanced  output  transition  times.  All  logic  stages 
employ  PMOS/NMOS  transistor  sizing,  Fig.  1,  to  balance 
propagation  delays,  Fig  2. 


SINK  AND  SOURCE  -4  mA  (STANDARD)  IO LSTTL  LOADS 
CURRENT  .6mA  (BUS)  15  LSTTL  LOADS 

92CS-38673 

Fig.  1  -  Logic  stage  PMOS  and  NMOS  transistor  sizing  to 
balance  propagation  delays. 


>D9 


92CS- 38674 

Fig.  2  -  Balanced  output  transition  time  and  propagation  delay. 
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Table  I  -  Comparison  of  Characteristics  of  HCT  and  LSTTL  Circuits 


Characteristic 


Quiescent  Power 
Per  Gate 
Per  Flip-Flop 
4-Stage  Counter 
Per  Transceiver/Buffer 

Operating  Power 

Per  Gate 
Per  Flip-Flop 
4-Stage  Counter 
Per  Transceiver/Buffer 

Operating  Supply  Voltage 


QMOS  CD74HCTXXXX 

0.025  mW 
0.05  mW 
0.4  mW 
0.1  mW 


74LSTTLXXXX 

5.5  mW 
10  mW 
95  mW 
60  mW 


Frequency  In 
0.1  MHz    1  MHz 

0.2  mW     2  mW 
0.15  mW    1.5  mW     15  mW 
0.24  mW   2.4  mW     24  mW 
0.25  mW   2.5  mW     25  mW 


Frequency  In 
10  MHz  0.1-1  MHz    10  MHz 

20  mW  5.5  mW  =20  mW 
10  mW  s15mW 
95  mW  =120  mW 
60  mW      a-90  mW 


Operating  Temperature  Range 

Noise  Margin 
LS  to  LS 

HCtoHC      (  (High/Low) 
HCT  to  HCT 

Input  Switching  Voltage  Stability  over  Temp. 

Output  Drive  Current 
Source  Current  at  VOH=2.4  V 
Sink  Current 
Std.  Logic  VOL=0.4  V 
Bus  Logic  VOL=0.4  V 
VOL=0.5  V 

Output  Transition  Time* 
Ttlh 
Tthl 

Typical  Gate  Propagation  Delay:* 

tpHlVtpLH 

VCC=5V,  C.=15pF 

Typical  Flip-Flop  Propagation  Delay: 
Vcc=5  V.  CL=15  pF 

tPLH 
tpHL 

Typical  Clock  Rate  of  a  Flip-Flop 

Input  Current 
hi 

3-State  Output  Leakage  Current 

Reliability 
%/1000  Hours  at  60%  Confidence 

'Temperature  Coefficient  =  0.04  ns/pF  for  both  QMOS  and  LSTTL. 


(HCT)  4.5  V  to  5.5  V 
(HC)2Vto6V 

-40°  C  to  +85"  C 


1.4  V/0.9  V 
2.9  V/0.47  V 

Vs  ±  60  mV 


-8  mA 

4  mA 
6  mA 
12  mA 

6  ns 


8  ns/8  ns 


14  ns 
14  ns 

50  MHz 


-1  uA 
1  //A 


±5>jA 
0.0019  (RCA  Report) 


4.75  V  to  5.25  V 


0°C  to  +70°  C 


0.7  V/0.4  V 


Vs  ±  200  mV 

-400  //A 

4  mA 
12  mA 
24  mA 

15  ns 
6  ns 

8  ns/11  ns 


15  ns 
22  ns 

33  MHz 


-0.4  to  -0.8  mA 
40  fiA 

±20 //A 
0.008  (RADC  Report) 


Frequency— QMOS  clock  rates  are  often  higher  than  LSTTL 
clock  rates. 

Input  Current — A  big  difference  between  the  two  techno- 
logies is  the  relatively  large  continuous  dc  current  that 
flows  in  LSTTL  interconnect  wiring.  Essentially  node  input 
current  flows  in  HC/HCT  CMOS.  Typically,  a  few  pico- 
amperes  of  input  back-diode  current  flows.  This  HCT 
advantage  means  better  buffering  and  a  wider  frequency 
range  in  RC  oscillators. 


Leakage  Current— Bus  designs  are  enhanced  by  a  four- 
times-lower  high-Z  output  leakage  current  in  HC/HCT 
CMOS  as  compared  to  LSTTL.  For  low-power  designs, 
larger  values  of  terminating  resistors  can  be  used. 
Reliability— Reliability  at  85°  C  junction  temperature  is  four 
times  improved  with  HC/HCT  CMOS  ICs.  In  fact,  since  the 
higher  internal  IC  dissipation  of  LSTTL  raises  junction 
temperature  an  average  of  10°C  per  IC,  reliability  improve- 
ment is  even  greater  than  the  four-times  improvement 
indicated. 
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INPUT/BUS/TRANSMISSION-LINE  TERMINATION 

Termination  at  inputs  and  outputs  may  be  different  for  HCT 
and  LSTTL  devices.  It  is  good  design  practice  to  properly 
terminate  all  unused  LSTTL  inputs.  HCT  devices  can  then 
be  substituted  directly,  provided  the  unused  input  is  returned 
to  Vcc,  ground  or  through  a  1.2  kilohm  or  higher  pull-up 
resistor.  Output  terminations  are  handled  differently. 

A  discussion  of  termination  follows.  It  is  primarily  in  I/O 
terminations  that  differences  in  circuit  design  could  exist 
and,  hence,  require  design  changes  when  HCT  issubstituted 
for  LSTTL. 

INPUT  TERMINATION 

The  termination  of  unused  inputs  in  LSTTL  is  not  absolutely 
necessary  because  of  the  internal  pull-up  of  1.2  kilohms; 
however,  it  is  good  design  practice  to  terminate  all  unused 
inputs  to  prevent  linear  operation  of  input  circuitry.  Such 
operation  causes  the  circuitry  to  draw  more  power  than  it 
would  under  normal  operation.  The  typical  resistor  values 
used  for  pull-up  in  termination  of  LSTTl.  are  between  220 
ohms  and  1.2  kilohms;  typical  pull-down  values  are  between 
680  ohms  and  1  kilohm.  Unlike  the  case  with  LSTTL 
devices,  unused  HCT  inputs  must  be  terminated  since  the 
input  is  a  very  high  impedance  and,  if  left  open,  could  cause 
the  input  circuitry  to  float  into  a  linear  mode  of  operation, 
thus  drawing  excessive  current  or  causing  oscillation.  HCT 
devices  must  be  terminated  to  Vcc  or  ground  or  with  a 
pull-up  or  pull-down  resistor  with  a  value  of  1  kilohm  to  1 
megohm,  as  shown  in  Fig.  3.  The  large-value  resistors 
reduce  the  power  dissipation  of  the  driving  devices. 


vcc 

<  1  K 

>  TO 

>  IM 
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HCT 
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HCT 

^IK 

>T0 
I  M 
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Fig.  3  -  Methods  of  terminating  HC  I  devices:  (a)  pull-up,  (0) 

pull-down. 

If  an  HCT  i  ivice  is  to  bo  used  in  a  plug-in  card  system,  all  of 
the  inputs  from  the  card  to  the  system  must  be  terminated 
with  pull-up  resistance  of  a  minimum  value  of  10  kilohms.  In 
equipment  designs  using  HC  or  HCT  CMOS  devices,  where 
the  inputs  may  be  terminated  to  Vcc,  there  is  an  inherent 
current  when  Vcc  is  momentarily  at  ground. 

One  of  the  major  uses  of  LSTTL  is  in  computer  and 
microprocessor-based  systems.  Parts  such  as  bus  drivers, 
transceivers,  octal  latches,  and  line  drivers  are  widely  used. 
All  of  these  parts  have  three-state  outputs.  Three-state 
outputs  allow  a  large  number  of  circuits  to  connect  to  the 
same  data  bus  by  creating  an  open  circuit  on  the  device's 
output  when  it  is  not  being  accessed  or  utilized.  The  buses 
are  usually  terminated  by  a  pull-up  or  a  pull-down  resistor. 
This  resistance  is  necessary  to  prevent  noise  from  being 
picked  up  on  the  bus.  For  LSTTL,  the  value  of  the  pull-up 
resistor  ranges  from  330  ohms  to  a  maximum  of  100 
kilohms.  The  choice  of  a  pull-up  or  pull-down  resistor  will 
depend  on  whether  a  high  or  low  state  is  required  on  the  bus 
during  the  high-impedance  state. 

Termination  resistors  are  usually  placed  at  the  most  distant 
point  from  the  bus-driving  device.  Multiple  termination  can 
be  used,  but  these  terminations  must  be  individually  high 
enough  in  resistance  value  so  that  the  parallel  resistive  load 
on  the  bus  driver  is  not  too  low;  this  load  should  be 
approximately  100  ohms  minimum  theveninized  R  for 
LSTTL  bus  drivers. 


The  typical  values  of  pull-up  for  HCT  bus  drivers  range  from 
a  minimum  of  750  ohms  to  a  maximum  of  1  megohm.  The 
choice  of  the  resistor  value  involves  a  tradeoff  between 
power  and  bus  speed.  A  larger  value  of  resistance  will  save 
power  but  will  slow  down  the  bus;  a  smaller  value  of 
resistance  will  speed  up  the  bus,  but  will  waste  power. 
Typical  values  of  pull-down  resistance  range  from  680 
ohms  to  1  kilohm.  A  bus  termination  is  a  must  for  HC/HCT 
devices  if  the  bus  is  to  be  in  the  high-impedance  state  for 
more  than  1 00  microseconds.  However,  it  is  usually  a  good 
idea  to  terminate  the  three-state  bus  in  case  the  system 
stops  momentarily  in  the  high-Z  state  orthere  is  noise  due 
to  crosstalk  in  the  system. 

In  any  bus-driving  configuration,  all  ICs  must  be  by-passed 
with  ceramic  by-pass  capacitors  of  at  least  0.01  microfarad, 
as  shown  in  Fig.  4  The  capacitor  is  placed  as  close  as 


HC/ 
HCT 


O.OIjiF 


Fig.  4  -  IC  by-passing  arrangement  in  a  bus-driving  configur- 
ation. 

possible  to  the  ground  pin  to  minimize  inductance  and, 
hence,  ringing  in  the  ground  of  the  IC.  Where  HC/HCT  is 
driving  a  terminated  line  and  some  slight  ringing  into 
ground  exists,  and  this  ringing  or  noise  is  above  or  near  the 
input  switching  voltage  of  1 .3  volts,  the  receiving  IC  should 
bean  HC  CMOS  type,  which  has  an  input  switching  point  of 
approximately  2.3  volts  (1  volt  more  than  LSTTL  or  HCT). 

In  some  critical  applications  where  almost  no  noise  can  be 
tolerated,  the  board  orcard  can  be  bypassed  with  a  10-ohm 
or  lower  value  resistor  of  the  proper  power  rating  in  series 
with  the  supply  line,  and  a  33  microfarad  or  larger  capacitor 
across  the  supply,  as  shown  in  Fig.  5.  This  RC  combination 
is  placed  at  the  point  where  the  power  supply  comes  into 
the  board  or  card. 


0.0l,iF 


-p  33  (if  OR 
HIGHER 
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Fig.  5  -  By-passing  the  board  or  card  in  a  critical  operation 
where  almost  no  noise  can  be  tolerated. 


DRIVING  TRANSMISSION  LINES 

Another  type  of  termination  required  is  that  for  transmission 
lines.  This  type  of  termination  is  used  where  data  must 
travel  over  long  distances  in  a  system,  in  a  large  backplane, 
over  coaxial  cable,  or  in  twisted-pair  lines.  This  termination 
creates  a  low  impedance  that  prevents  noise  and  crosstalk 
from  generating  false  data.  Typical  LSTTL  systems  use 
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nominal  100-ohm  twisted-pair,  strip-line,  or  coaxial  trans- 
mission-line impedances.  This  low  impedance  is  necessary 
to  the  transmission  of  signals  at  high  speeds  without  data 
degradation  due  to  line  capacitance  or  inductance.  Fig.  6 
shows  a  common  LSTTL  type  of  transmission-line  termin- 
ation. In  order  to  drive  this  1 20-ohm  load,  the  LSTTL  output 
sink  current  is  required  to  be  at  least  24  milliamperes  at  a 
Vol  Of  0.5  volt. 


LS 

LS 

ISINK 

92CS- 38686 

Fig.  6  -  Common  LSTTL  transmission-line  termination. 

There  are  two  powerful  arguments  for  not  duplicating  this 
same  24  mA/0.5  V  output  specification  in  a  well-designed 
HC  or  HCT  bus-driver  output  stage: 
1.  0.25  watt  per  output,  2  watts  per  octal  driver,  is  high- 
power  design,  not  moderate  or  low-power  equipment 
design. 

A  CMOS  output  sink  current  of  24  milliamperes  at  0.5  volt 
will  give  rise  to  an  objectionably  high  transient  current 
when  switching,  and  will  produce  EMI  which  is  objection- 
ably large,  much  larger  than  the  LSTTL  output  with  the 
same  current/voltage  level.  Fig.  7  shows  the  much  higher 
l„i  in  an  NMOS  output  sink  transistor  versus  an  n-p-n 
output  sink  transistor.  Isal  is  twice  as  large,  as  are  dv/dt 
and  EMI,  in  CMOS  as  in  LSTTL  devices. 


2. 


Fig.  7  -  Comparison  ol  /,.i/n  an  n-p-n  transistor  and  an  NMOS 
transistor. 

The  RCA  QMOS-device  output  stage  is  designed  to  provide 
typically  more  than  12  milliamperes  at  0.5  volt.  The  QMOS 
lMt  is,  then,  similar  to  the  LSTTL  l.«t.  The  all-important 
noise-generation  factor  (EMI)  is  also  similar  at  this  current/ 
voltage  level. 

The  lowest  impedance  that  an  HCT/HC  device  can  drive  in 
the  ac/dc  termination  described  above  is  approximately  700 
ohms,  as  shown  in  Fig.  8.  This  impedance  is  created  with  a 


92CS-38684 

Fig.  8  -  Lowest-impedance  arrangement  in  transmission-line 
termination. 

1.6  kilohm  pull-up  and  1  kilohm  pull-down  resistor,  a 
combination  that  retains  the  1/3  pull-down  to  2/3  pull-up 
terminating-resistance  design  criteria.  The  terminators 
should  be  placed  as  close  as  possible  to  the  receiving 
circuit.  Higher  values  of  transmission-line  impedance  can 
be  used  to  save  power,  but  the  advisability  of  this  choice  will 
be  determined  by  the  speed  of  the  data  on  the  transmission 
line  and  the  distance  the  data  must  travel. 

More  than  one  termination  of  the  type  described  can  be 
used  on  the  same  line  if  required  because  of  long  line  length 
or  a  very  noisy  environment;  but  the  designer  must 
remember  that  the  worst-case  sinking  limit  is  still  12 
milliamperes  at  0.5  volt,  and  should  treat  these  terminating 
impedances  as  being  in  parallel  and  limited  to  700  ohms,  as 
shown  in  Fig.  9. 


HCT/ 
HC 

HC 
OR 

HCT 

92CS-38685 

Fig.  9  -  Multiple  terminations  on  the  same  transmission  line. 

The  above  termination  is  useful  for  both  dc  and  ac 
transmission-line  terminations.  With  HC/HCT  devices,  a  dc 
termination  is  not  necessary,  but  an  ac  termination  is  a 
must.  If  the  designer  must  have  a  transmission-line  termin- 
ation in  an  HC/HCT  system,  or  must  intermix  families,  then 
a  variation  on  the  voltage-divider  termination  can  be  used, 
as  shown  in  Fig.  10. 


92CS- 38682 


Fig.  10-  Transmission-line  termination  in  HCT  system  or  when 
families  are  intermixed. 
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Capacitor  C  is  used  to  create  a  low  impedance  during 
switching.  HC/HCT  outputs  can  deliver  up  to  70  mi  Mi- 
amperes  during  switching  on  bus  types  and  up  to  50 
milliamperes  on  standard  types.  The  value  of  C  depends  on 
the  maximum  frequency,  f,  of  the  bus.  This  value  can  be 
determined  by  the  formula: 

C=    1  (D 
2rrfXc 

where  Xc  is  approximately  50  ohms. 

A  typical  value  for  C  when  fm«x  is  4  MHz  or  greater  is  790 
picofarads.  When  there  is  no  switching,  the  only  dc  current 
present  comes  from  the  pull-up  resistor.  This  configuration 
not  only  saves  power  but  allows  HC/HCT  to  drive  a 
modified  low-impedance  transmission  line.  The  configur- 
ation in  Fig.  1 1  pulls  the  bus  into  the  high  state  when  it  is  in 
the  high-impedance  mode.  If  a  low  state  is  required  on  the 
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Configuration  used  to  pull  the  ous  into  the  high  state 
when  it  is  in  the  high-impedance  mode. 


bus,  the  configuration  in  Fig.  12  can  be  used.  If  more  than 
one  of  these  terminations  are  required  on  the  same  line,  the 
designer  must  treat  the  terminations  as  being  in  parallel, 
and  should  adjust  the  values  of  R  and  C  to  comply  with  the 
maximum  dc  sink  current  of  12  milliamperes  at  0.5  volt,  as 
shown  in  Fig.  13. 
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Fig.  12  -  Conliguration  used  to  pull  the  bus  into  the  low  state 
when  it  is  in  the  high-impedance  mode. 
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Fig.  13  -  When  more  than  one  ol  the  terminationsof  Figs.  11  and 
12  are  needed,  the  terminations  are  adjusted  and 
treated  as  it  they  are  in  parallel. 


DRIVING  COAXIAL  CABLE 

LSTTL  ICs  can  drive  transmission  lines  using  coaxial  cable. 
Various  types  of  coaxial  and  triaxial  cable  are  available,  but 
the  most  commonly  used  is  the  75-ohm  RG-59/59U,  which 
has  an  impedance  of  75  ohms  at  its  nominal  operating 
frequency.  LSTTL  bus  drivers  can  directly  drive  almost  all 
of  the  popular  terminations  used  with  coaxial-cable  drive. 
One  of  the  most  commonly  used  is  shown  in  Fig.  14.  An 
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Fig.  14  -  A  commonly  used  LSTTL  coaxial-cable  termination. 

HC/HCT  device  cannot  drive  any  of  these  terminations 
without  exceeding  its  maximum  sink  current.  However, 
HC/HCT  devices  can  drive  coaxial  cable  by  using  the 
modified  transmission-line  termination  shown  in  Fig.  15  or 
a  modified  resistor  terminator,  as  shown  in  Fig.  16.  The 
coaxial  cable  should  be  terminated  at  both  ends  in  cable 
runs  over  50  feet,  again  keeping  in  mind  the  maximum  limits 
of  HC/HCT  sink  current.  Equation  1  can  be  used,  with  the 
addition  of  the  figure  for  the  capacitance  of  the  coaxial 
cable,  per  foot,  to  calculate  the  correct  value  of  capacitance 
C  in  Fig.  17. 

vcc 
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Fig.  15  -  Modified  transmission-line  termination  used  with  HCT 
devices  driving  coaxial  lines. 
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Fig.  16  -  Modified  resistor  termination  used  with  HCT  devices 
to  drive  coaxial  lines. 
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Fig.  17  -  Effect  of  cable  capacitance  on  termination. 
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By  using  a  modified  transmission-line  termination  for 
HC/HCT  devices,  and  depending  on  the  maximum  fre- 
quency to  be  driven,  coaxial  cables  of  various  lengths  can 
be  CMOS  driven.  A  typical  example  is  shown  in  Fig.  18, 
where  an  HC/HCT  device  drives  more  than  50  feet  of  RG- 
59U  coaxial  cable  with  a  modified  termination  of  75  ohms.  A 
series  capacitor  in  the  resistor  leg  that  goes  to  +VCc  is 
placed  at  the  receiver  end  of  the  cable  to  eliminate 
degradation  which  could  cause  false  data  to  be  received. 


MAX.  f  ■  25  MHz 
MIN  f  •  I  MHz 
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Fig.  18  -  Termination  configuration  used  to  eliminate  possibility 
of  false  data  at  receiver. 


seven  feet  at  normal  data  rates.  The  maximum  drive  limit  is 
six  feet,  as  shown  in  Fig.  21 ,  when  a  modified  transmission- 
line  termination  with  an  impedance  of  approximately  100 
ohms  and  no  alternate  ground  scheme  is  used  at  normal 
data  rates.  More  than  15  feet  can  be  driven  at  a  data  rate  of 
10  MHz  when  the  alternate  ground  scheme  is  employed 
along  with  the  termination  of  Fig.  21.  The  length  can  be 
extended  by  using  any  of  the  above  terminations  at  both  the 
receiving  and  transmitting  ends  of  the  cable. 
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Fig.  20 


RIBBON  CABLE   7  FT  -  HCT 

1 4  FT  -  HC  92CS- 38669 

Ribbon-cable  termination  using  1-kilohm  pull-up 
resistor  and  alternate  ground  arrangement. 


DRIVING  RIBBON  CABLE 

When  using  HC/HCT  ICsto  drive  signals  over  ribbon  cable, 
there  are  length  limitations  resulting  from  the  high  imped- 
ance of  the  CMOS  input.  The  drive  limit  is  two  feet 
maximum  at  normal  data  rates  when  driving  without  any 
termination  and  without  the  use  of  an  alternate  ground 
scheme  (alternating  signal  carrying  and  grounded  wires,  as 
shown  in  Fig.  19)  in  the  ribbon  cable.  Beyond  two  feet, 
crosstalk  between  signal  lines  can  cause  errors  in  data.  If 
the  receiving  IC  is  an  HC  type,  the  maximum  drive  lengths 
can  double. 
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Fig.  19  -  Alternate  ground  arrangement  of  ribbon  cable. 

When  driving  with  no  termination  but  with  the  alternate 
ground  method,  the  maximum  drive  length  before  crosstalk 
between  signal  lines  can  cause  errors  in  data  is  six  feet  at 
normal  data  rates. 

HC/HCT  devices  can  drive  longer  ribbon  cable  by  using 
various  terminations:  pull-up,  pull-down,  or  one  of  the 
modified  transmission-line  terminations.  When  using  a  1- 
kilohm  pull-up  resistor  per  wire  as  a  termination,  the 
maximum  length  without  alternate  ground  before  crosstalk 
can  become  a  problem  is  four  feet  at  normal  data  rates. 
When  using  the  same  setup  with  an  alternate  ground 
scheme,  as  shown  in  Fig.  20,  the  maximum  length  of  drive  is 
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Fig. 


21  -  HCT  ribbon-cable  termination  tor  normal  data  rates 
using  impedance  of  approximately  100  ohms  and  no 
alternate  ground  system. 


There  are  many  other  types  of  transmission-line  termin- 
ations, but  those  shown  above  are  the  most  commonly  used 
with  HCT/HC  devices.  When  contemplating  terminations  of 
any  sort,  the  designer  must  remember  that  HCT/HC  devices 
have  a  current-sinking  limit  at  0.4  volt  of  6  milliamperes,  and 
at  0.5  volt  of  1 2  milliamperes.  These  limits  must  be  observed. 
By  following  the  termination  criteria  described  above, 
system  power  consumption  is  reduced,  reliability  is  greatly 
improved,  and  system  cost  is  decreased. 

REFERENCES 

1.  For  a  full  discussion  of  HC/HCT  power  consumption  and 
how  to  calculate  it,  see  RCA  Solid  State  Publication 
ICAN-7315,  "Power  Consumption  in  QMOS  Logic  Cir- 
cuits," by  R.  Funk. 
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Astable  Multivibrator  Design 
High-Speed  QMOS  ICs 


by  L.  Marechal 


This  Note  describes  the  design  of  astable  multivibrators 
using  RCA  high-speed-CMOS  (QMOS)  integrated  circuits 
(CD54/74  HC,  HCU,  HCT04  and  132),  and  multivibrator 
performance  at  frequencies  up  to  10  MHz.1  Algebraic 
equations  permit  the  values  of  R  and  C  for  a  given  oscillator 
frequency  to  be  quickly  determined.  The  effect  of  supply 
voltage  and  temperature  variation  on  multivibrator  per- 
formance is  discussed  along  with  the  inherently  low  power 
consumption  of  QMOS  relative  to  LSTTL.  In  addition  to 
much  lower  power  dissipation  than  other  technologies,  a 
distinct  advantage  of  QMOS  RC  multivibrator  design  is  the 
choice  of  a  very  wide  range  of  RxCx,  which  leads  to  an 
exceptional  frequency  range. 

OPERATING  FREQUENCY 

Fig.  1  (a)  shows  the  basic  multivibrator  circuit  configuration. 
Resistor  R  and  capacitor  C  fix  the  operating  frequency.  Rs 
assures  that  frequency  will  be  independent  of  minor 
supply-voltage  variations,  and  reduces  the  time-period 
variations  to  less  than  5%  with  variations  in  transfer  voltage. 
Fig.  1  (b)  shows  the  operating  waveforms  of  the  circuit. 

Equation  (1)  determines  the  time-period  T: 

Vtr  (Vcc-Vt„)        K  K(Voc+Vd) 

T  =  -RC  In  RC  In  

(Vcc+Vd)2        K+1  K(Vcc+Vtr)+Vtr-Vd 


K  K(Vcc/VD) 

  RC  In  

K+1  K(2Vcc-VTr)-Vtr-Vd 


(1) 


where  VCc  is  the  supply  voltage,  Vtr  is  the  transfer  voltage, 
VD  is  the  diode  forward  voltage  drop,  and  K  is  Rs/R. 

High-speed  CMOS  devices  have  a  built-in  100  to  150-ohm 
input  resistorwhich  has  little  influence  on  speed  because  C 
charges  and  discharges  through  R  and  the  IC  output. 

As  K  approaches  infinity,  the  variation  in  time  period  as  a 
function  of  Vcc  approaches  zero.  Variation  in  period  with 
transfer  voltage  is  reduced  by  10%  for  K=0  and  by  5%  for 
large  values  of  K. 

Figs.  2(a)  and  2(b)  are  plots  of  the  theoretical  time  periods, 
as  calculated  from  equation  (1),  for  HC  and  HCT  devices, 
respectively.  In  all  calculations  VD  =  0.6  V.  Equation  (1 )  can 
be  simplified  for  large  values  of  K  to  the  form  shown  in 
equation  (2): 

Vtr  Vcc-Vtr 
T  =  -RC    In   (   +  In  )  (2) 


Vcc+Vtr 
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Fig.  1  -  (a)  Astable  multivibrator  using  the  CD54/74  HC/HCU/ 
HCT04,  (b)  waveforms  lor  the  circuit  ol  (a). 


where  K>  10. 
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Fig.  2  -  Time  period (T)  as  a  function  ot RC  using  equation  (J) 
for  (a)  HC04  type  and  (b)  HCT04  type. 

Using  the  HC04  type,  equation  (2)  can  be  simplified  if  the 
valid  assumption  that  VTR  =  0.5  Vcc  is  made.  Then: 

T  =  2.2  RC  (3) 

Fig.  3  illustrates  how  little  the  choice  of  either  equation  (1) 
or  (3)  affects  results  in  a  practical  case. 


Figs.  4(a)  through  4(c)  show  plots  of  measurements  and 
calculated  values  of  the  time-period  as  a  function  of  the 
time  constant,  RC,  for  the  three  series  HC,  HCU,  and  HCT, 
respectively.  The  simplified  equation,  (3),  was  used  in  each 
case.  Note  that  the  plot  for  the  HCT04  (Fig.  4(c))  shows 
good  tracking  of  calculated  values  (using  equation  (3))  with 
measured  values,  even  though  VTn=0.31  Vcc  instead  of  0.5 
Vcc. 
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Fig.  5  identifies  the  area  of  validity  of  R  and  C  for  equations 
(1 )  and  (3).  Measurements  were  made  with  the  time  constant 
as  a  parameter.  The  points  on  the  chart  are  ratios  of 
measured  to  calculated  time  period.  The  design  guidelines 
used  to  keep  the  ratio  of  measured  T  to  calculated  T  close  to 
one,  as  shown  in  Fig.  5,  follow. 


105  106  107 
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Fig.  5  -  Area  of  theoretical  equation  validity.  Points  are  ratios 
of  measured  to  calculated  T. 


Rs  in  Fig.  1  must  not  be  made  too  large,  as  the  multivibrator 
time  constant  and  phase  shift  is  influenced  by  this  resistance 
(as  well  as  by  stray  wiring  and  breadboard  capacitance).  A 
large  value  of  Rs  will  change  the  time  period  and  cause 
spurious  oscillations  and  glitches. 

In  the  oscillator  circuit,  C  should  be  greater  than  or  equal  to 
100  pF  to  eliminate  probe  and  stray  capacitance  inter- 
ference. R  should  be  greater  than  or  equal  to  100  ohms  to 
support  the  function  of  Rs.  However,  to  avoid  parasitic 
oscillation,  R  must  not  be  made  too  large.  Appropriate 
values  of  R  and  C  depend  upon  circuit  design  and  layout. 

Equation  (3)  is  valid  for  R>50kilohmsand  C>  1000  pF;  use 
equation  (1)  for R< 50  kilohms,  and  C<  1000  pF.  However, 
note  that,  as  implied  above,  if  C  is  less  than  1000  pF,  stray 
capacitance  will  affect  the  entire  system. 

CMOS  multivibrator  designs  have  long  been  known  to  be 
temperature  insensitive.  The  variation  of  the  input  switching 
voltage  (Vs)  with  temperature  in  a  QMOS  device  is  only  ±60 
m  V  over  a  range  of  -55°  C  to  +1 25°  C;  in  contrast,  the  LSTTL 
Vs  varies  ±200  mV  over  the  same  temperature  range.  Figs. 
6(a)  and  6(b)  reflect  the  minor  change  in  period  T,  less  than 
3%  for  HC  and  10%  for  HCU  devices  over  a  150°C 
temperature  range,  resulting  from  the  small  variation  in 
QMOS  Vs. 
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Fig.  6  -  Time  period  as  a  function  of  temperature  for  (a)  HC04 
type  and  (i>)  HCU04  type. 

POWER  CONSUMPTION 

One  of  the  major  advantages  of  the  CMOS  technology  and, 
hence,  QMOS  ICs,  is  the  low  power  dissipation.  The  power 
consumed  by  the  RC  oscillator  of  Fig.  7,  using  the  HCT04  is: 

Pd  =  Pa  +  Pb  (4) 

where 

Pa  and  PB  =  (CPD  +  C/2)V2f  (5) 

Cpd  is  a  capacitive  value  used  to  represent  internal  inverter 
power  consumption.  Cpd  is  rated  at  36  pFon  theHC/HCT04 
Data  Sheet.  The  C  in  equation  (5)  is  the  RC  oscillator 
capacitance  seen  as  a  load  that  is  shared  by  inverters  A  and 
B  of  Fig.  7. 

Table  1  contains  parameters,  data,  and  calculations  for  five 
operating  frequencies.  Fig.  8  shows  plots  of  the  measured 


Table  I  -  Measured  VS  Calculated  RC-Osclllator  Power  Dissipation  (Vcc=5.5  V) 
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Fig.  7  -  RC  oscillator  circuit. 
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Fig.  8  -  Power  dissipation  in  oscillator  (using  an  HCT04)  as  a 
function  of  TIC  ratio  (Vcc  =  5.5  V). 

versus  calculated  power.  Table  I  and  Fig.  8  illustrate  two  key 
points  concerning  RC  oscillator  power: 

1 .  Power  is  heavily  dependent  on  the  value  of  C. 

2.  Calculations  are  valid  only  at  higher  frequencies, 
generally  above  1  MHz. 

Because  of  the  dependence  of  power  on  both  the  frequency 
and  value  of  C,  power  is  plotted  (Fig.  8)  as  a  function  of  the 
T/C  ratio.  Fig.  9  illustrates  a  common  method  of  reducing 
QMOS  RC-oscillator  power  consumption.  In  the  circuit, 
small-valued,  current-limiting  resistors,  R,,  are  placed  in 
series  with  the  circuit  dc  supply  voltage,  Vcc,  and  with  the 
ground  terminals.  This  arrangement  reduces  the  CMOS 
flowthrough  current  during  slow  switching  transitions, 
when  both  the  PMOS  and  NMOS  transistors  conduct 
transient  current  from  Vcc  to  ground. 

In  addition  to  reducing  power  consumption,  resistor  R,  also 
decreases  the  RC  operating  frequency.  The  power  reduction 
is  more  pronounced  with  HCU  devices,  for  which  the 
spiking-current  component  is  larger.  In  these  devices,  the 
switch  from  the  low  level  to  the  high  level  and  vice  versa 
begins  at  an  input-switching  voltage  lower  in  the  ground- 
to-Vcc  range  than  in  other  QMOS  types.  HC  devices  do  not 
see  a  significant  reduction  in  power  unless  the  operating 
frequency  is  very  high.  There  is  a  20%  power  reduction  at  6 
MHz  with  a  50-ohm  R„  while  there  is  no  improvement  at  all 
at  10  kHz  with  the  same  resistance.  In  the  case  of  HCU 
devices,  the  power  benefit  from  the  introduction  of  the 
50-ohm  R,  is  60%  at  5  MHz,  but  only  20%  at  10  kHz  for  a  Vcc 
of  4.5  V.  At  low  frequency  in  any  QMOS  device,  the  spiking 
current  losses  become  negligible  compared  to  the  power 
dissipated  in  the  external  components. 


VDD 


Fig.  9  -  Common  method  of  reducing  QMOS  RC-oscillator 
power  consumption. 

The  effect  of  resistor  Rr  in  Fig.  9  is  to  decrease  the  output 
charging  current  of  CMOS  inverter  (B)  into  capacitor  C, 
hence  the  increased  charging  time  of  C.  The  impact  of  Rr  on 
frequency  when  large  values  of  resistor  R  are  used  is 
minimal;  there  is  a  2%  frequency  decrease  for  HC  and  a 
2.5%  decrease  for  HCU  when  R  is  47  kilohms,  C  is  1000  pF, 
and  R,  is  1  kilohm.  Figs.  10(a)  and  10(b)  plot  power 
consumption  against  the  value  of  R,  for  the  HC04  and 
HCU04  types,  respectively. 
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Fig.  10  -  Power  dissipation  in  an  oscillator  as  a  function  of  R,. 

In  (a)  the  oscillator  employs  an  HC04,  in  (b)  an 
HCU04. 
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The  RCA  HC/HCT132  can  be  used  in  an  astable  multi- 
vibrator, as  shown  in  Fig.  1 1 .  The  equation  used  to  calculate 
the  period  T  is: 

Vcc-VN  VP 

T  =  RC  In    +  RC  In    —  (7) 

Vcc-Vp  VN 


vccO 


HC/HCT  132 


 VW  1 
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Fig.  11  -  The  HC/HCT132  in  an  astable  multivibrator  circuit. 

Fig.  12  plots  measured  T  versus  RC  for  the  HC132.  Also 
plotted  in  Fig.  12  are  calculated  values  of  T  versus  RC  using 
equation  (7).  Fig.  13  is  a  plot  of  measured  T  versus  RC  for 
the  HCT132.  Figs.  14(a)  and  14(b)  show  measured  power 
dissipation  as  a  function  of  time-constant  RC  in  oscillators 
employing  the  HC132  and  HCT132,  respectively. 
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Fig.  12  -  Measured  and  calculated  time  period  of  oscillating 
HC132  as  a  function  ol  time  constant  PC. 
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Fig.  13  -  Measured  time  period  ol  oscillating  HCT132  as  a 
function  of  time  constant  RC. 
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Fig.  14  -  MeasuredpowerdissipatedasafunctionofT/C,{a)in 
an  oscillating  HC132  and  (ft)  in  an  HCT132. 

REFERENCES 

1.  For  more  information  on  CMOS  circuits  in  oscillators 
and  other  timing  applications,  see: 

"Astable  and  Monostable  Oscillators  Using  RCA  CMOS 
Digital  Integrated  Circuits,"  RCA  Solid  State  Application 
Note  ICAN-6466. 

"Using  the  CD4047A  in  CMOS  Timing  Applications," 
RCA  Solid  State  Application  Note  ICAN-6230. 

"Simplified  Design  of  Astable  RC  Oscillators  Using  the 
CD4060B  or  Two  CMOS  Inverters,"  RCA  Solid  State 
Application  Note  ICAN-6883. 

2.  For  a  discussion  of  Cpo,  see  QMOS  High-Speed  CMOS 
Logic  ICs,  RCA  Solid  State  DATABOOK  SSD-290,  under 
"Description  of  QMOS  product  Line." 


676 


Application  Notes 


Linear  Application  of  the 
CD54/74HCU04  QMOS  Hex  Inverter 


by  W.  Austin 


Because  the  CD54/74HCU04,  Unbuffered  Hex  Inverter,'  is 
a  QMOS  device  based  on  a  3-micron  process,  it  is  an 
excellent  high-speed  digital  switch.  Its  linear  characteristics 
feature  low  capacitance  and  high  current  drive.  A  high 
transconductance  associated  with  the  high  current  drive  is 
contributed  by  pairs  of  complementary  NMOS  and  PMOS 
transistors,  which  form  relatively  simple  inverting  amplifiers. 
There  are  six  of  these  transistor-pair  amplifiers  in  the 
HCU04;  each  has  a  common  Vcc  and  ground.  A  variety  of 
application  circuits  are  included  in  this  Note  to  illustrate  the 
many  uses  of  the  HCU04  amplifier. 

The  equivalent  circuits  shown  and  the  characteristics 
described  in  this  Note  will  help  the  user  to  apply  the  HCU04 
in  linear  applications  (a  knowledge  of  linear-feedback 
circuit  theory  is  assumed).  Fig.  1  shows  the  internal 
functional  diagram  and  the  circuit  schematic  of  each 
inverter. 


PMOS  AND  NMOS  DEVICE  CHARACTERISTICS 

As  mentioned  above,  each  pair  of  PMOS  and  NMOS  devices 
in  the  HCU04  make  a  relatively  simple  inverting  amplifier; 
one  feedback  resistor  provides  static  bias.  The  amplifier 
transfer  characteristic  of  each  unbuffered  inverter  has  a 
dynamic  range  of  up  to  three  volts,  peak-to-peak,  with  good 
linearity  in  the  center  one  volt,  peak-to-peak,  region.  The 
transfer  characteristic  of  the  HCU04  is  shown  in  Fig.  2. 
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Fig.  1  -  The  HCU04  Hex  Inverter,  (a)  functional  diagram,  (b) 
internal  schematic. 
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Fig.  2  ■ 


Min./max.  and  typical  switching  transfer  characterstics  of 
the  HUC04  Unbutler  Hex  Inverter. 


The  characteristics  desired  in  any  high-quality  amplifier  are 
high  gain,  good  linearity,  and  wide  bandwidth.  The  wide 
bandwidth  of  the  HCU04  is  inherent  in  the  QMOS  process, 
but  its  gain  and  linearity  are  a  function  of  the  transfer 
parameters. 

The  slope  of  the  transfer  curve  is  determined  by  the 
transition  of  the  PMOS  and  NMOS  devices;  this  slope  can 
be  evaluated  with  a  sweep  at  the  gate  input.  On  a  positive, 
increasing  voltage,  the  p  channel  is  pinched  off  near  the 
positive  Vcc  level.  The  n-channel  drain  current  is  enhanced 
as  the  voltage  increases  from  ground  toward  the  Vcc  level. 
In  reverse,  thep-channel  current  is  increased  with  negative- 
going  input  voltage,  while  the  n-channel  current  is 
decreased. 
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Families  of  curves  showing  typical  drain  characteristics  for 
both  the  PMOS  and  NMOS  devices  are  shown  in  Fig.  3.  The 
characteristics  are  standard  for  n  and  p  enhancement-type 
devices.  The  drain  currents  in  the  p  and  n  devices  are 
balanced  by  device  design:  the  typical  n-channel  width  is 
800  microns;  the  typical  p-channel  width  is  1800  microns. 
This  dimension  compensates  for  the  lower  PMOS-channel 
hole  mobility. 


I  C  3  H  3 
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Fig.  3  -  Typical  drain  family  characterstics  of  the  HCU04:  (a) 
NMOS  and,  (b)  PMOS  sections. 

When  the  inverting  amplifier  is  in  an  unloaded  condition, 
each  PMOS  or  NMOS  device  is  both  a  driver  and  load  over 
some  portion  of  the  transfer  curve.  Since  the  equity  of 
current  in  each  device  must  be  maintained,  and  since  each 
device  must  act  as  a  current  sink  or  source,  the  amplifier 
output  voltage  is  determined  by  the  balance  of  current  sink 
and  current  source  bias  conditions.  The  drain  current,  In,  in 
each  amplifier  peaks,  typically,  when  both  channels  are 
balanced  at  V,„  =  Vou,  =  VCc/2.  Any  imbalance  of  drain 


characteristics  may  cause  a  deviation  in  peak  drain  current, 
and  produce  a  crossover  offset  in  the  transfer  characteristic. 
Typically,  the  offset  is  less  than  ±5%  of  the  Vcc  range.  This 
figure  represents  what  is  called  the  "offset  tolerance." 

LOADLINE  CHARACTERISTICS 

To  better  show  how  the  HCU04  functions  in  its  linear 
transitions  of  the  input-voltage  range,  the  PMOS  and 
NMOS  drain  loadlines  have  been  plotted,  as  the  gate 
voltage,  V,„,  is  stepped,  at  incremental  points  of  operation; 
Fig.  4.  The  figure  includes  a  75-ohm  loadline  at  VCc/2  =  2.5  V 
as  a  point  of  reference. 
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Fig.  4  -  Loadline  plots  on  the  NMOS  and  PMOS  drain-lamily 
characterstics  as  Vm  is  varied  Irom  zero  volts  to  V,„  =  Vcc  = 
+5  V  in  the  HCU04. 

The  loadline  curves  defined  in  Fig.  4  by  path  ABC  for  the 
NMOS  device  and  A'B'C  for  the  PMOS  device  are  the 
respective  loci  as  V,„  varies  from  ground  to  Vcc  =  +5  V  for  the 
unloaded  HCU04.  An  optimum  external-resistance  loadline 
of  the  NMOS  device  is  normally  a  straight  line  extending 
with  a  negative  slope  from  gate  cutoff  to  the  quiescent 
operating  point  and  through  to  the  saturated  knee  of  the 
family  of  drain  curves.  A  similar  positive  slope  loadline 
applies  to  the  PMOS  device.  Since  an  MOS  transistor  is  not 
a  linear  load  element,  the  extremes  of  the  loadline  exhibit 
the  nonlinearityshown  in  Fig.  4.  And  becauseeach  saturated 
PMOS  or  NMOS  device  is  a  load  in  parallel  with  any  external 
load,  nonlinearity  may  occur  at  the  extremes  of  drain- 
voltage  swing.  An  output  voltage  range  of  1 .5  to  3.5  volts  will 
provide  a  linear  high-impedance  source  resistance  in 
parallel  with  the  external  75-ohm  load. 

In  the  NMOS  loadline  area,  A,  the  loadline  rises  sharply 
from  coordinates  Va  =  +5  V  and  ld  =  0  mA  with  a  slope  equal 
to  the  saturated  channel  resistance  of  the  PMOS  device. 
The  +5  Vand  0  mA  point  corresponds  to  the  NMOS  channel 
cutoff.  Progressing  on  the  loadline  locus:  as  V,„  increases, 
the  curve  rounds  from  A  to  B,  where  the  PMOS  device 
changes  from  a  saturated  device  to  an  active  load.  As  the 
slope  of  the  curve  flattens,  a  balance  of  maximum  source 
and  sink  current  is  reached.  The  transition  across  the  flat 
portion  of  the  loadline  curve  will  occur  with  a  few  millivolts 
of  delta  change  of  Vln,  and  peak  lCc  current  should  occur 
when  Vin  =  Vcc/2. 
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In  the  C  area  of  the  curve,  the  PMOS  device  is  a  high- 
impedance  active  current  sink  controlling  the  NMOS  drain 
current,  which  is  decreasing  in  value  as  the  PMOS  channel 
is  being  pinched  off.  A  similar  description  of  the  PMOS 
loadline  applies  to  the  A'B'C'-curve  loadline  locus.  The 
combined  action  of  the  PMOS  and  NMOS  devices,  as  V,„ 
varies  from  zero  to  VCc,  produces  an  active  transfer  curve. 

Balanced  PMOS  and  NMOS  characteristics  will  produce  a 
transition  at  B  and  B',  where  V,„  =  2.5  V  when  VCc  =  5  V.  Any 
variation  in  this  balance  will  produce  a  crossover  offset  in 
the  transfer  characteristic,  as  described  above. 

The  transition  of  the  loadline  characteristic  for  0<V,n<VCc 
produces  the  transfer  characteristic  of  Fig.  5.  At  either  end 
of  the  loadline,  the  effective  amplifier  source  impedance, 
Ro,  is  low  because  the  internal  load  consists  of  the  saturated 
drain  of  the  p  or  n  device.  In  the  center  of  the  range,  both  the 
PMOS  and  NMOS  devices  are  linear,  with  high  effective  R0. 
If  the  Vi„  signal  swings  beyond  the  knee  (or  corners)  of  the 
transfer  characteristic,  compression  of  the  output  signal 
will  result.  Fig.  5  shows  an  example  of  a  linear  sinewave 
input  and  output  signal. 
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Fig.  5  -  Amplifier  transfer  characteristics  of  the  HCU04  amplifiers. 
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Fig.  6  ■  Linear  model  of  each  of  the  six  amplifiers  of  the  HCU04. 

The  normal  op-amp  gain  equations  usually  assume  Aw  to  be 
very  large,  and  the  output  impedance  very  small.  For  the 
circuit  of  Fig.  6,  the  gain  becomes  -(Rf/R.).  This 
approximation  will  contain  some  error  when  applied  to  the 
HCU04  because  the  open-loop  gain  is  typically  16,  not  a 
very  small  number  in  comparison  to  the  open-loop  gain  of 
most  op  amps. 

The  feedback-resistor  bias  will  stabilize  amplifier  operation 
near  the  center  of  the  transfer  curve;  some  offset  is  present, 
as  noted  above.  The  offset  will  reduce  the  dynamic  range  of 
output,  but  requires  no  correction  unless  dc  coupling  is 
used.  The  expected  offset  is  typically  less  than  ±  0.25  volts. 

EQUIVALENT  CIRCUIT 

Calculations  based  on  an  equivalent  linear  model  may  be 
used  to  predict  various  biasing  results.  A  two-generator 
linear-circuit  model  is  shown  in  Fig.  7. 
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LINEAR-AMPLIFIER  MODEL 

A  linear-amplifier  model  of  the  HCU04  includes  the  inverting 
amplifier  and  its  associated  input,  output,  and  feedback 
capacitance,  as  shown  in  Fig.  6.  An  external  feedback 
resistor,  Rt,  provides  bias  stability. 

If  the  input  coupling  capacitor,  Cc.  is  sufficiently  large,  the 
op-amp  closed-loop  gain  is  given  by: 

Art 


1  +(1/B)(1  -  A„,) 


where  A0i  is  the  open-loop  gain,  and  B=  Ri/Rs,  the  feedback 
resistor  ratio. 


Fig.  7  -  Circuit  equivalent  of  the  HCU04  with  two  source  generators 
and  no  feedback. 

Since  the  Vou,  node  equation  for  the  two  generator  equivalent 
circuit  is: 

-gmB(Vin)  -  gm„(V,„)  =  Vou,(1/Rd„  +  1/Rdp  +  1/RL) 
and 

-(9">p  +  gmn) 

A0,  =  Vou,/Vi„  =  


+  1/Rap  +  1/Rl) 

The  source-generator  and  parallel  conductances  of  the 
NMOS  and  PMOS  equivalent  models  may  be  simply  added 
into  one  equivalent. 
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A  single-generator  model  has  no  restrictions,  provided  the 
equivalent  circuit  is  a  reasonable  linear  approximation.  A 
simplified  model  of  the  circuit  of  Fig.  6,  with  associated 
capacitance  and  biasing,  is  shown  in  Fig.  8.  The  single- 
model  equivalent-current  generator  and  effective  source 
impedance  may  be  determined  from  the  separate  device 
models,  and  is  equal  to: 

gm  =  gmp  +  g™ 

Ftd  =  Ftdp  Rdn/(Rdp  +  Rdn) 


92CS-39739 

Fig.  8  -  Simplified  HCU04  circuit  model  with  associated 
capacitance  and  biasing. 

All  further  references  to  gm  and  Ra  imply  a  single-generator 
model.  It  should  be  noted,  however,  that  use  of  the  two- 
generator  equivalent  model  does  have  practical  merit  in  the 
analysis  of  abnormal  input-signal  conditions  or  when 
considering  the  effects  of  VCc  and  ground-ter~: 
impedance. 


Table  I  -  Measured  Amplifier-Gain  Conditions  for  the  Circuit 

A.    Conditions:    Vcc  =  ±  2.5  V,  Ice  ~  6  mA 


Determination  of  the  gm  and  R0  parameters  is  based  on 
either  direct  evaluation  from  the  drain  family  characteristics 
of  Fig.  3  or  measured  data.  From  the  curves  of  Fig.  3,  gm  is 
Ald/AVi„,  and  R»  is  the  tangential  AVd/Ald  slope  on  the  V,„ 
bias  line  at  the  point  of  operation.  The  simplest  way  to 
determine  gm  is  to  measure  A  ~  A„i  when  Rf  is  very  large  and 
Rs  is  small,  e.g.,  100  kilohm  and  50  ohms,  respectively. 

When  RL  is  much  less  than  Ra: 

A  — gm  RL,  and  gm  ~  A/RL 

The  gain  is  then  measured  under  the  same  conditions  with 
Rl  removed  (open)  and  Ra  as  the  effective  load.  For  this 
condition, 

A  ~  -gmRd,  and  Rd  ~  A/gm 

A  variety  of  amplifier  gain  conditions  have  been  measured 
for  the  circuit  of  Fig.  9  and,  in  some  cases,  calculations  have 
been  made  for  gm  and  Rd.  A  tabulation  of  the  results  is 
shown  in  Table  I. 

Rf 
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Fig.  9  -  Simplified  amplifier  circuit  configuration  used  to  measure 
gain  and  equivalent  model  characteristics.  Table  \  shows 
results. 

of  Fig.  9. 


Measurement 


Measurement 
No. 

1 
2 
3 
4 
5' 
6* 


AC/Direct 
(input) 

Direct 
Direct 
Direct 
Direct 

AC 

AC 


(kfi) 


1 
1 
1 

0.5 
0.05 
0.05 


R< 

(kO) 


3 

3 

3 

3 
100 
100 


Rl 

(ohms) 


1000 
none 

75 

75 

75 
none 


Vou,/V,„ 
(gain) 


2 

2.4 
0.75 
1.0 
1.4 
25 


Calculated:    1.  gm  ~  A/RL  ~  (1.4/75)  =  0.0187  mhos 
2.  Rd  -  A/gm  ~  (25/0.01 87)  =  1340  ohms 


B.    Conditions:    Vcc  =  ±3  V,  lCc  ~  10  mA 


Measurement 


Measurement  AC/Direct  R,  R,  RL  Vou,/Vin 

No.  (input)  (kC5)  (kfi)  (ohms)  (gain) 


1  AC  1  100  none  16 

2  Direct  0.5  1  00  75  1.5 

3  Direct  1  100  75  1.45 

4  AC  3  3  none  0.86 


Calculated:    1.  R„  ~  A/gm  ~  (16/0.02)  •  800  ohms 
2.  gm~  A/RL  ~  (1.5/75)  =  0.02  mhos 
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Operation  of  the  HCU04  in  a  multiple  output  configuration 
is  practical.  A  circuit  using  all  six  amplifiers  in  parallel  is 
shown  in  Fig.  10.  The  table  of  gain  results  for  a  variety  of 
conditions  is  shown  in  Table  II. 

OPEN-LOOP  GAIN 

Unlike  op-amp  gain,  HCU04  amplifier  gain  is  not  sufficiently 
high  or  the  output  impedance  low  enough  to  allow  simple 

"f 

 Wv — 


general  approximations.  However,  a  simplified  method  of 
determining  HCU04  amplifier  performance  in  an  open-loop 
condition  is  possible,  and  useful,  in  many  applications.  A 
basic  open-loop  equivalent-circuit  model  of  the  HCU04  is 
shown  in  Fig.  11.  This  circuit  is  based  on  the  equivalent- 
current-generator  model  of  Fig.  8  with  Rs  =  0.  A  large  value 
is  used  for  the  static  bias  resistor,  Ri,  a  value  much  larger 
than  the  input  source  resistance. 
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Fig.  10  -  Six  amplifiers  of  HCU04  in  parallel  line  driver.  Table  1 1  shows  results. 

Table  II  -  Measured  Results  for  Multiple  Parallel  Amplifier  of  Fig.  10 

Conditions:    Vcc  =  ±2.5  V,  lCc  ~  32  mA 


Measurement 
No. 

1 

2' 
3* 


R, 

(kn> 


1 
1 

0.05 


Measurement 


Rr 


1 

100 
100 


Rl 
(ohms) 


none 
none 
75 


Vou,/V,„ 
(gain) 


0.9 
18 
6.0 


Calculated:    1.  Ra  ~  (A/gm)  ~  (18/0.08)  =  225  ohms 
2.  gm  ~  A/RL  -  (6/75)  =  0.08  mhos 


■  <3> 


Fig.  11  -  Basic  equivalent  circuit  model  lor  simplified  gain,  Z,„and 
Zo„i  calculations 
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Using  voltage-node  equations  with  an  assumed  current 
drive  input,  Jin,  the  matrix  determinant  for  the  circuit  of  Fig. 

11  is: 

(Y,  *  Y,)     (-Y,)  I 
(gm  -  $)     (Yd  +  Y,)  | 
The  open-loop  gain  equation  is: 

Voui  Y,  -  gm 


-9* 


Vin' 


Yd  +  Yt 


Yd  +  Yi 


The  admittance  terms  include  frequency,  f,  where  o>  =  2irf. 
The  complex  terms  are: 

Y,  =  (1/R,)  +  jo>C, 
Y,  =  jo)C, 

Ya=  (1/Rd)  +jwC0 
For  the  low-frequency  case,  the  gain  is  approximately: 
A  =  -  gm  R„||  R, 

where  Rail Rt  is  Ra  in  parallel  with  Ri.  The  Rd  term  may  be 
modified  to  include  Ra  in  parallel  with  external  load  RL. 

In  the  case  where  there  is  no  external  Rl  and  Ra«Rt,  the 
gain  solution  simplifies  to: 

A  ~  -gm  Rd 

In  the  case  where  RL«Rd,  the  gain  solution  simplifies  to: 
A  -  -gm  RL 

Both  of  these  simplified  expressions  provide  reasonably 
accurate  values  of  gm  and  Rd,  and  were  used  to  obtain  the 
values  in  Table  I.  As  the  table  shows,  when  the  gain  (A)  was 
measured  as  16  times  for  the  ±  3-volt  VCc  condition  with  no 
load,  and  1.5  times  with  a  75-ohm  load,  the  solutions  were 
readily  determined  to  be  gm  =  0.02  mhosand  Ra  =  800ohms. 
Lower  signal  levels  and  smaller  values  of  RL  will  contribute 
to  better  accuracy. 

When  the  admittance  term  (Yd  t  Y()  of  the  gain  equation  is 
expanded,  there  is  an  output  rolloff  corner  frequency,  fout, 

of: 


1 


fo, 


27r(Ct  +  Cout)  Ra|| Ri 
where,  again,  RolIRt  is  Rd  in  parallel  in  Ri. 

It  is  important  to  note  that  the  significance  of  this  rolloff 
corner  will  depend  on  the  degree  of  feedback  used  and  the 
magnitude  of  R„  or  Rs.  In  the  true  open-loop  condition, 
where  Rs  =  0  ohms,  Ri  is  large,  and  R0  is  a  line  or  generator 
source  of  50  or  75  ohms,  the  foui  corner  frequency  is  the 
primary  bandwidth-limiting  factor.  Where  capacitance  C0Ui 
is  equal  to  (C,  +  C),  as  in  the  case  of  cascaded  HCU04 
stages: 

C,  +  Cout  =  O  +  C,  +  Co  =  (1.8  +  6.0  +  4.5)  pF  St  12.3  pF 
Roll  Rt  -  Rd  ~  800  ohms 
and 

fooi  =16.17  MHz 
INPUT  IMPEDANCE: 

The  input  impedance  of  the  HCU04  may  be  determined  by 
using  an  input  driving  point  solution  with  a  Jm  current 
generator  at  the  input  node.  The  input  impedance  is: 


Zi„'  =  . 


where: 


Jin 


(Y-) 

(Yd  +  Y,) 


Jm  (Ya  +  Y,) 


Therefore: 


Zin' 


(Yd  +  Y,) 


Expanding  the  determinant  and  reordering  the  above 
equation  yields: 


Z,„'  ■■ 


Y,  +  Y,(1-A) 


The  Zi„'  equation  is  a  statement  of  all  input  impedances  in 
parallel  at  the  input.  It  is  important  to  note  that  the  Yi(1-A)  is 
the  classic  Miller-effect  feedback  factor.  Since  Yi(1-A)  can 
be  expanded  to  [(1-A)/Ri]  +  j<jC,(1-A),  the  effective  Rin 
becomes: 

R,„=  (1-A)/R, 

and  the  effective  C,„  becomes: 

C,„  =  [(1-A)C,  +  C] 

When  the  signal-source  input  has  a  high  impedance  (R0  or 
R„),  the  input  network  configuration  is  equivalent  to  that 
shown  in  Fig.  12.  The  RL  network  has  an  input  corner-rolloff 
frequency  response,  fln,  of: 


1 


fin 


27r(R,„||R,)Ci„ 

where  R,„||R,  is  R,„  in  parallel  with  Rs. 

The  complete  input-impedance  equation  for  the  network  of 
Fig.  12  is: 

Zi„  =  R,  +  Zin' 


o — wv 


Ci„  =  c,  +  c,  n+A) 


92CS- 39745 


Fig.  72  -  Miller-feedback  equivalent  input  circuit  of  the  HCU04. 
OUTPUT  IMPEDANCE 

The  output-impedance  of  the  HCU04  may  be  calculated  by 
using  a  current  generator  to  drive  the  output  terminal.  The 
resulting  calculation  should  include  the  correct  input 
network  termination. 

In  the  open-loop  condition,  when  R,or  R„  is  much  less  than 
R.,  the  output  impedance  is  simply  Rd  in  parallel  with  R,. 
However,  with  R,  terminated  through  Ra  at  the  input,  the 
output  impedance  may  be  calculated  for  the  general 
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feedback  condition.  The  second-order  determinant  was 
used  for  the  input-impedance  calculation  and  simply  adding 
R,  at  the  input  after  finding  Z,„'.  The  output  impedance  can 
be  calculated  similarly,  using  the  second  order  determinant, 
by  including  the  Y,  admittance  term  (or  Y,  +  Y„)  in  the  y1 1 
term  of  the  matrix  determinant;  i.e.: 

(Y,  +  Yi  +  Y,)  (-Y,) 

A  = 

(gm-Y,)  (Yf  +  Y„) 

When  the  output  node  is  driven  by  a  current  (J„): 

V„„,  =  J„(y11/A) 
and 

Y.  +  Y,  +  Y, 


Z0U|  -  . 


(Y„  +  Y,)[YS+  Yi  +  Yi(1  -  A)] 

This  equation  may  be  reduced  to  a  simple  form  for  low 
frequencies: 

RdllR, 

Zou,=   

1  -  A(R./(R.  *  R,)) 

where  R0||Ri  is  Ro  in  parallel  with  R,. 

FEEDBACK  EQUATIONS  AND  GAIN-BANDWIDTH- 
CIRCUIT  MEASUREMENTS 

The  preceding  equations  will  be  very  useful  in  applying  the 
HCU04,  particularly  in  low-frequency  applications. 
However,  it  is  important  that  the  user  does  not  over-simplify 
solutions  and  drop  terms  before  evaluating  their 
significance.  The  general  purpose  of  this  Note  is  to  provide 
fully  useful  equations  and  to  impress  on  the  user  that  the 
standard  op-amp  equations,  for  the  most  part,  do  not  apply 
well  to  the  HCU04  amplifier. 

Because  some  degree  of  feedback  is  desired  for  good 
linearity,  the  need  to  consider  performance  with  feedback  is 
necessary.  An  essential  consideration  is  the  wideband 
amplifier  performance.  The  gain-bandwidth  response  and 
phase  considerations  are  important,  and  are  treated,  with 
examples,  in  the  following  section. 

The  use  of  the  equations  developed  above  and  the  gain- 
bandwidth  (GBW)  capability  of  the  HCU04  are  demonstrated 
with  the  aid  of  Fig.  13.  Shown  is  a  single  amplifier  of  the 
HCU04  in  which  bypassed  75-ohm  resistors  are  used  as 
protection  from  power-supply  over-voltage.  The  small- 
signal  equivalent  circuit  is  similar  in  characteristics  to  the 
last  example  in  Table  I,  except  for  the  power-supply 
resistors.  The  gm  and  Ra  values  for  that  example  were 
determined  to  be  0.02  mhos  and  800  ohms,  respectively, 
and  are  the  values  used  in  the  following  evaluation. 

As  noted  above,  the  low-frequency  gain  may  be 
approximated  from  the  op-amp  feedback  equation: 

A„, 

1+(FVR.)(1-A„,) 

where: 

Ao,  ~-gm  R0  =  -16 
And  for  R.  =  R,  =  3000  ohms,  Alt>  =  -0.88  =  -1 .1 1  dB 
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Fig.  13  -  Amplifier  circuit  for  gain-bandwidth  measurements. 

This  value  is  in  good  agreement  with  the  measured  gain- 
bandwidth  (GBW)  response  curve  shown  in  Fig.  14.  In 
addition,  as  noted  above,  the  high-frequency  GBW  response 
includes  the  input  corner-rolloff  frequency  resulting  from 
the  Miller-effect  RC  input  network  of  Fig.  12. 
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Fig.  14  -  Gain-bandwidth  measurement  showing  frequency  rolloff 
response  lor  the  circuit  of  Fig.  13. 

The  full,  high-frequency-gain  equation,  derived  from  the 
third-order  determinant,  will  include  both  the  input  and 
output  corner-rolloff  frequencies.  The  matrix  determinant 
is: 


(Y.)  (-Y.) 

(-Y.)    (Y,  +  Y,  +  Yf) 

(0)       (-yt  +  gm) 


(0) 
(-Y.) 
(Y.  +  Yd) 


and  the  gain  equation  is: 

-Y,  (gm  -  Y,) 


Alt,  = 


(Yf  +  Yd)  (Y.  +  Y  +  Y,(gm  +  Ya) 

While  this  equation  may  be  awkward  to  use,  all  of  its  terms 
are  needed  to  evaluate  stray  capacity  (C,)  and  other  loading 
effects  in  the  application.  Normally,  gm  is  much  greater  than 
Yi,  so  that  gm  -  Y,  ~  gm. 
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The  gain  equation  then  reduces  to  the  form: 
A, 

A,„  =   (1) 

1  +  jwB,  -  c/C 

Where  A,  is  the  low-frequency  gain,  and  the  complex 
demoninator  is  the  complete  factor  for  gain  and  phase 
response  versus  frequency.  The  A,,  B,  and  C,  terms  are 
defined  as  follows: 


A,= 


-gmRo 


(1+FVRO  +  (FVRt)  (1  +gmRd) 

B,  =  -(A,/gmRa)[(C0+C,)Ra  +  [(Ci+Co)RsRd/Rf]  +  (C,+Cf)R,  + 

gmCiR.Ra] 

C,  =  -(A»/gmRd)[R.R„(CIC,  +  C0C,  +  CC,)] 

Using  parameter  values  already  defined  from  the  circuits  of 
Figs  6  and  13: 

-0.02  x  800 

A,  =   =  -0.876 

(1  +  800/3000)  +  (3000/3000)  (1  +  0.02  x  800) 

Before  calculating  the  frequency  dependent  B»  and  C, 
terms,  it  is  important  to  note  the  special  conditions  for 
phase  shift.  Equating  the  real  term  of  the  denominator  of 
equation  1  to  zero  yields: 

w2C,  =  1 

The  gain  equation  under  this  special  condition  is: 
A, 

A,b=   

jwB, 

The  fact  that  there  is  only  an  imaginary  (complex)  term  in 
the  denominator  is  a  statement  of  90°  phase  lag,  which  is  a 
defined  measurement  point  on  the  phase  curve  of  Fig.  15. 
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Fig.  15  -  Phase  measurement  showing  phase  shift  lor  the  circuit  ot 
Fig.  13. 


The  capacitance  output  term  for  the  90°  phase  shift  is: 
-(gm/6j2A,R.)  -  C,C, 

C  = 


(C.  +  C,) 

Substituting  values  for  the  24.2  MHz  point  noted  on  Fig.  15, 
a  phase  shift  of  90°  yields: 

Co  =  40.5  pF 

The  capacitance  output  term  C  includes  ail  stray 
capacitance  plus  the  HCU04  equivalent  output  capacitance 
of  4.5  pF.  The  stray  and  fixturing  capacitance,  C„  is: 

C,  =  (40.5-4.5)  =  36  pF 

To  evaluate  A(b  for  this  condition,  the  B„  and  C,  values  are 
calculated  as  follows  (using  gmRd  =  (0.02)(800)  =  16,  and 
noting  that  C  in  pF  times  R  in  kilohms  carriers  a  10-9 
multipler): 

B,  =  -(A,/gmRa)  [(C„  +  C,)Ro  +  (C,  +  C0)(R^Rf)R<.  +  (C,  + 

Cf)R,  +  gmRoCR,] 

=  -(-0.876/1 6)  [40.5  +  1.8)  (0.8)  +  (6.0  +  40.5)  (3/3)  (0.8)  + 
(6.0  +  1.8)(3)  +  16(1.8)3]  x  10"9 

=  9.9  x  10~9 

C,  =  -(AI/gmR0)[(RsRd)][(C,C,  +  C„C,  +  C„C,)] 

=  -  (-0.876/1 6[(3)(0.8)][(1.8)(6.0)+(40.5)(6.0)+(40.5 
(1.8)]10"la 

=  42.93  x  10"'" 

Verifying  that  «2C  =  1: 

&/C,  =  (27rf)2C,  =  (2tt)2(24.2  x  106)2(42.93  x  10~18)  ~  1 

Then  An,  at  90°  is: 

A,„  =  A,/j£jB,  =  (-0.876)/j(27r)(24.2  x  106)(9.9  x  10"9) 

=  (-0.876/j1.5)  =  -0.584Z-90" 

The  magnitude  of  the  gain  in  dB  at  90°  phase  lag  is: 

A(l>  =  20  log l0.584l=  -4.67  dB 

The  actual  measured  results  from  the  curve  of  Fig.  14  shows 
-4.3dB,  which  verifies,  with  practical  agreement,  the  actual 
and  calculated  results.  Using  the  complex  An,  equation  to 
verify  the  gain  at  10  MHz,  the  results  of  the  gain  calculation 
are  -1.47  dB  at  -40.17°  of  phase  lag. 

The  slight  peaking  noted  at  10  MHz  is  not  unusual  in 
wideband  circuits  with  feedback.  In  the  range  of  10  MHz 
and  beyond,  peaking  or  ripple  effects  are  commonly  present 
in  the  GBW  response  because  of  lead  inductance  and  stray 
capacitance  both  in  the  signal  links  and  in  the  filtering 
components.  Care  must  be  exercised  in  circuit  layout  and  in 
component  specification,  as  an  excess  of  peaking  will 
cause  undesired  overshoots  and  ringing  on  pulse  edges. 

Additional  gain-bandwidth  curves  are  shown  in  Fig.  16. 
Note  that  the  high  frequency  rolloff  is  a  function  of  load  and 
feedback,  but  is  typically  6-dB  per  octave.  The  bandwidth 
can  be  extended  at  a  sacrifice  of  gain.  Bandwidth  extending 
may  be  done  with  loading  or  peaking.  Both  RC  and  RLC  can 
be  used  to  peak  the  input  signal. 
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Fig.  16  -  Linear-amplilier  gain/bandwidth  curves. 


GENERAL  APPLICATIONS  OF  THE  74HCU04 

The  low  output  impedance  and  video-bandwidth  capability 
of  the  HCU04  suggest  a  wide  variety  of  applications  in  linear 
signal  amplifiers.  Line-driver  capability  may  be  achieved  by 
paralleling  output  amplifiers  and  applying  feedback  to 
assure  low  output  impedance.  The  HCU04  may  be  used  for 
both  linear  and  digital  data  transfer.  Real-time  feedback 
conditions  may  be  modified  by  using  transmission-gate 
switching  with  such  devices  as  the  QMOS  CD74HC4016  or 
CD74HC4052. 


Video  Switch 

An  example  of  a  video-switching  video-amplifier  is  shown 
in  Fig.  17.  The  CD74HC4052  is  a  QMOS  dual  4-input  analog 
multiplex  switch  that  is  used  to  direct  one  of  four  inputs  to 
the  HCU04  video  amplifier.  An  LED  indicator  shows  which 
channel  has  been  selected.  One  amplifier  of  the  HCU04  is 
used  as  a  buffer  amplifier  that  drives  four  other  amplifiers  in 
parallel.  These  four  amplifiers,  in  turn,  drive  a  75-ohm  cable 
and  load. 
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OMOS  CD74HC4052  CD74HCU04  VtOEO  SWITCH  CIRCUIT 

■  DUAL  4  TO  1  SWITCH  WITH  VIDEO  AT  ONE  OUTPUT  &  LED  INDICATOR 
AT  PAIRED  OUTPUT 

•  CD74HC4052  TRANSMISSION  GATE  SWITCH 

•  CD74HCU04  UNBUFFERED  HEX  INVERTER 

-  ONE  BUFFER  AMP  WITH  IX  GAIN 

-  4  PARALLELED  AMP  TO  DRIVE  75  (I  LINE 


TYPICAL  DATA 


•  BW  (-3dB|  50MHI 

■  FEEDTHROUGH    -57  dB 

■  CROSSTALK     -66  dB 

■  NOISE  -66t*B 


•  DIFF  GAIN 

•  DIFF  PHASE 

•  IqD     20  mA 

•  GAIN  2X 


Fig.  17-  Video-switch  circuit  employing  QMOS  CD74HC4052  and 
HCU04. 


Bandwidth  peaking  is  accomplished  in  the  first  video 
amplifier  by  the  trimmer  capacitor.  One  amplifier  remains 
open  for  use  as  a  parallel-signal  amplifier,  e.g.,  for  audio 
signals.  However,  any  unused  amplifier  should  have  the 
input  returned  to  V+  (Vcc)  or  V"  (GND)  to  eliminate  current 
drain.  The  peaking  circuits  provide  for  an  exceptional  50- 
MHz  gain-bandwidth  capability  at  2X  gain.  Other  typical 
data  is  shown  in  the  table  accompanying  the  figure. 

Audio/Tone  Amplifier 

The  circuit  of  Fig.  18  is  an  audio  or  tone  driver  for  high- 
efficiency,  32-ohm  speakers  or  a  headset.  Although  the 
power  output  is  limited  by  the  5-volt  supply,  the  use  of  the 
HCU04  as  a  tone  amplifier  or  beeper  is  practical  with  this 
type  of  circuit. 

<-Vcc=5°V  7.5  *  75K 
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Fig.  IB-  Audio/tone  amplifier. 


Other  Linear  Applications 

The  circuits  of  Fig.  19(a)  through  19(h)  are  general 
applications  of  the  HCU04  in  both  the  linear  and  switching 
modes.  With  25  mA  of  drive  capability,  the  HCU04  amplifier 
can  directly  drive  LED  indicators  or  provide  high-current 
base  drive  for  a  transistor  lamp,  solenoid,  or  relay  driver,  as 
shown  in  Figs.  19a  and  19b. 

Fig.  19(c)  shows  a  possible  use  of  the  HCU04  with  photocells 
or  thermistors  in  a  sensor  amplifier  application  for  light  or 
heat  control. 

The  circuit  of  Fig.  19(d)  shows  an  HCU04  driving  a  TTL 

2-  input  NAND  gate.  This  circuit  is  employed  where  a  TTL 
interface  is  needed 

Fig.  19(e),  the  simplest  form  of  a  low-pass  filter,  shows  a 
capacitor-feedback  arrangement  in  use  with  the  HCU04 
amplifier.  Additional  poles  may  be  added  with  additional 
filter  stages.  In  the  example  shown,  the  gain  is  unity  and  the 

3-  dB  rolloff  frequency  is  5  kHz. 

An  emitter-follower  may  be  coupled  to  the  output  and 
included  in  the  feedback  loop  of  the  HCU04  amplifier,  as 
shown  in  Fig.  1 9(f).  The  use  of  positive  and  negative  power- 
supply  voltages  is  optional.  As  another  option,  the  output 
may  be  changed  to  a  complementary-symmetry  drive.  With 
the  emitter  follower  shown,  the  base-emitter  offset  of  0.7 
volts  reduces  the  linear  dynamic  range  of  the  output  drive 
signal. 

The  circuit  of  Fig.  19(g)  is  an  adjustable  current  sink  in 
which  the  current,  le,  in  the  output  transistor,  is  approximately 
equal  to  2.5/R.  Fig.  19(h)  shows  a  more  general  circuit  for 
adjusting  both  voltage  and  current. 
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Fig.  19  -  (a)  LED  driver. 

Note:  For  circuits  (a)  through  (e),  +Vcc  =  5  V. -Vcc  - 
ground. 
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Fig.  19-  (b)  Lamp,  solenoid,  or  relay  driver. 
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Fig.  19-  (c)  Photocell  or  thermistor  driver. 
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Fig.  19-  (d)  TTL  driver. 
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Fig.  19-  le)  Unity  gain  low-pass  filter:  3-dB  rolloff  ~  5  kHz. 
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Fig.  19-  (f )  Low  /Tout  amplifier. 
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F/'g.  79  -  (g)  Fixed-current-source  driver. 


V0'-0.25  TO-2.5V 

-o 


-VCC'-2  5V 

92CS-39924 

F/g.  (9  -  (/i)  Adjustable  /ow-Zout  dc  source  or  adjustable  current 
sink. 

Oscillator  Applications 

The  circuit  of  Fig.  20(a)  is  a  3.58  MHz  clock  generator  that 
may  be  VCO  controlled  by  replacing  the  10  pF  capacitor 
with  a  varactor. 

Uniformity  of  balance  in  the  HCU04  leads  to  better 
frequency-range  control  in  applications  where  the 
frequency  is  crossover  dependent.  The  circuit  of  Fig.  20(b) 
can  be  changed  in  polarity  of  pulse  and  ramp  output  by 
changing  the  polarity  of  the  1N914diode.  The  result  isa-2V 
to  +2V  adjustable  VCO  with  positive  ramp  and  pulse  outputs 
in  the  low  switch  position.  In  the  high  position,  negative 
ramp  and  pulses  are  generated  with  a  2.6  V  to  7  V  control 
voltage.  In  both  switch  positions,  the  frequency  range  is  15 
kHz  to  180  kHz. 


The  VCO  circuits  of  Figs.  20(c)  and  20(d)  are  simpler, 
higher-frequency-range  circuits  with  oscillator  capability 
up  to  25  MHz.  The  circuit  of  Fig.  20(d)  shows  a  method  of 
compensating  effects  of  power-supply  frequency  change 
by  adding  some  of  the  VCO  change  into  the  VCO  input.  At  a 
center  frequency  of  5  MHz,  for  Vin  =  0  V,  the  power-supply 
change  is  effectively  cancelled  for  changes  of  ±10%  VCc. 
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CONTROL 
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Fig.  20  -  (a)  3.58-MHz  clock  or  VCO  circuit. 

Note:  For  all  Fig.  20  circuits,  +l/Co  =  5  V. 
-Vcc  =  ground. 
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POSITIVE  RAMP  AND  PULSE     LOW  ADJ  RANGE 
110  KHz  AT  0  V 
V,N:  -2T0  2V 
FREQ:  180  KHz  TO  15  KHz 

NEGATIVE  RAMP  AND  PULSE    HIGH  ADJ  RANGE 
100  KHz  AT  5  V 
V,N:  2.6  V  TO  7  V 
FREQ:   15  KHz  TO  180  KHz 

Fig.  20  -  (o)  VCO  pulse  and  ramp  generator. 
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VCO  RANGE 
FREQ  :  5  TO  25  MHz 
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Fig.  20  -  (c)  High-frequency  VCO  pulse  generator. 
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Fig.  20  -  (d)  Vcc  -compensated  VCO. 


SUMMARY 

The  characterization  and  applications  of  the  HCU04  shown 
illustrate  how  simple,  high-speed  CMOS  device  can  be 
more  widely  used  in  both  linear  and  digital  circuits.  Many 
applications  require  linear  interface  for  buffer  amplifiers, 
sensors,  gain  amplifiers,  and  multiple-line  inverter  circuits. 

The  power  gain  of  the  HCU04  is  very  high,  although  the 
voltage  gain  is  typically  less  than  20.  This  feature  makes  the 
HCU04  an  excellent  driver  for  bipolar  transistors  driving 
lamps,  relays,  and  solenoids. 

REFERENCES 

1.    CD54/74HCU04,  Hex  Inverter  Data  Sheet;  RCA  Solid 


State  File  No.  1655.  The  notation  CD54/74HCU04 
denotes  two  devices,  the  CD54HCU04F,  the  Hex  Inverter 
in  a  ceramic  package,  and  the  CD74HCU04E,  the  Hex 
Inverter  in  a  plastic  package.  Both  devices  are 
electrically  identical.  The  notation  HCU04  used  in  this 
Note  refers  to  either  device. 
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SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

M1N. 

MAX. 

MIN. 

MAX. 

A 

0.210 

5.33 

9 

*1 

0.015 

0.39 

9 

*2 

0.115 

0.195 

2.93 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

*1 

0.045 

0.070 

1.15 

1.77 

3 

C 

0.008 

0.015 

0.204 

0.381 

D 

0.725 

0.795 

18.42 

20.19 

4 

"1 

0.005 

0.13 

12 

E 

0.300 

0.325 

7.62 

8.25 

5 

E1 

0.240 

0.280 

6.10 

7.11 

6,7 

e 

0.100  BSC 

2.54  BSC 

8 

eA 

0.300  BSC 

7.62  BSC 

9 

eB 

0.430 

10.92 

10 

L 

0.115 

0.160 

2.93 

4.06 

9 

N 

14 

14 

11 

Notes: 
t 


10. 


11. 

12. 


13. 
14. 


Refer  to  JEDEC  Publication  No.  95  JEDEC  Registered  and 
Standard  Outlines  lor  Solid  State  Products,  for  rules  and 
general  Information  concerning  registered  and  standard 
outlines,  In  Section  2.2. 

Protrusions  (flash)  on  the  base  plane  surface  shall  not 
exceed  0.010  In.  (0.25  mm). 

The  dimension  shown  Is  for  full  leads.  "Half"  leads  are 
optional  at  lead  positions 

N  N 

2  2 

Dimension  D  does  not  Include  mold  flash  or  protrusions. 
Mold  flash  or  protrusions  shall  not  exceed  0.010  In.  (0.25 
mm). 

E  Is  the  dimension  to  the  outside  of  the  leads  and  Is 
measured  with  the  leads  perpendicular  to  the  base  plane 
(zero  lead  spread). 

Dimension  i\  does  not  include  mold  flash  or  protrusions. 
Package  body  and  leads  shall  be  symmetrical  around 
center  line  shown  In  end  view. 

Lead  spacing  e  shall  be  non-cumulative  and  shall  be 
measured  at  the  lead  tip.  This  measurement  shall  be  made 
before  Insertion  Into  gauges,  boards  or  sockets. 
This  Is  a  basic  Installed  dimension.  Measurement  shall  be 
made  with  the  device  Installed  in  the  seating  plane  gauge 
(JEDEC  Outline  No.  GS-3.  seating  plane  gauge).  Leads 
shall  be  in  true  position  within  0.01 0  in.  (0.25  mm)  diameter 
for  dimension  e^. 

eg  is  the  dimension  to  the  outside  of  the  leads  and  is 

measured  at  the  lead  tips  before  the  device  Is  installed. 

Negative  lead  spread  Is  not  permitted. 

N  Is  the  maximum  number  of  lead  positions. 

Dimension  o-\  at  the  left  end  of  the  package  must  equal 

dimension  Di  at  the  right  end  of  the  package  within  0.030 

In.  (0.76  mm). 

Pointed  or  rounded  lead  tips  are  preferred  to  ease  Insertion. 
For  automatic  insertion,  any  raised  Irregularity  on  the  top 
surface  (step,  mesa,  etc.)  shall  be  symmetrical  about  the 
lateral  and  longitudinal  package  centerlines. 


92CS-39901 


(E)  Suffix  (JEDEC  MS-001-AA) 
16-Lead  Dual-ln-Line  Plastic  Package 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.210 

5.33 

9 

A1 

0.015 

0.39 

9 

A2 

0.115 

0.195 

2.93 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

Bl 

0.045 

0.070 

1.15 

1.77 

3 

C 

0.008 

0.015 

0.204 

0.381 

D 

0.745 

0.640 

18.93 

21.33 

4 

°1 

0.005 

0.13 

12 

E 

0.300 

0.325 

7.62 

8.25 

5 

E1 

0.240 

0.280 

6.10 

7.11 

6,  7 

e 

0.100  BSC 

2.54  BSC 

8 

eA 

0.300  BSC 

7.62  BSC 

9 

eB 

0.430 

10.92 

10 

L 

0.115 

0.160 

2.93 

4.06 

9 

N 

16 

16 

11 

(E)  Suffix  (JEDEC  MS-001-AE) 
20-Lead  Dual-ln-Line  Plastic  Package 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.210 

5.33 

9 

A1 

0.015 

0.39 

9 

*2 

0.115 

0.195 

2.93 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

81 

0.045 

0.070 

1.15 

1.77 

3 

C 

0.008 

0.015 

0.204 

0.381 

D 

0.925 

1.060 

23.5 

26.9 

4 

"1 

0.005 

0.13 

12 

E 

0.300 

0.325 

7.62 

8.25 

5 

El 

0.240 

0.280 

6.10 

7.11 

6,  7 

e 

0.100  BSC 

2.54  BSC 

8 

•a 

0.300  BSC 

7.62  BSC 

9 

•b 

0.430 

10.92 

10 

L 

0.115 

0.160 

2.93 

4.06 

9 

N 

20 

20 

11 

92CS-39900 


92CS-39997 


 Dimensional  Outlines 

Dual-ln-Line  Plastic  Packages 


(EN)  Suffix  (JEDEC  MS-001-AF) 
24-Lead  Dual-ln-Line  Plastic  Package 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.210 

5.33 

9 

A1 

0.015 

0.39 

9 

A2 

0.115 

0.195 

2.93 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.045 

0.070 

1.15 

1.77 

3 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.125 

1.275 

28.6 

32.3 

4 

D1 

0.005 

0.13 

12 

E 

0.300 

0.325 

7.62 

8.25 

5 

El 

0.240 

0.280 

6.10 

7.11 

6,  7 

e 

0.100  BSC 

2.54  BSC 

8 

eA 

0.300  BSC 

7.62  BSC 

9 

eB 

0.430 

10.92 

10 

L 

0.115 

0.160 

2.93 

4.06 

9 

N 

24 

24 

11 

92CS-39943 


(E)  Suffix  (JEDEC  MS-011-AA) 
24-Lead  Dual-ln-Line  Plastic  Package 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.250 

6.35 

9 

*1 

0.015 

0.39 

9 

*2 

0.125 

0.195 

3.18 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

B1 

0.030 

0.070 

0.77 

1.77 

3 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.150 

1.290 

29.3 

32.7 

4 

D1 

0.005 

0.13 

12 

E 

0.600 

0.625 

15.24 

15.87 

5 

=1 

0.485 

0.580 

12.32 

14.73 

6,7 

e 

0.100  BSC 

2.54  BSC 

8 

•a 

0.600  BSC 

15.24  BSC 

9 

•b 

0.700 

17.78 

10 

L 

0.115 

0.200 

2.93 

5.08 

9 

N 

24 

24 

11 

Notes: 

1.  Reler  to  JEDEC  Publication  No.  95  JEDEC  Registered  and 
Standard  Outlines  tor  Solid  State  Products,  (or  rules  and 
general  Information  concerning  registered  and  standard 
outlines,  In  Section  2.2. 

2.  Protrusions  (Hash)  on  the  base  plane  surface  shall  not 
exceed  0.010  In.  (0.25  mm). 

3.  The  dimension  shown  Is  for  full  leads.  "Half"  leads  are 
optional  at  lead  positions 

N  N 

1'N'  "5  "S*1- 
2  2 

4.  Dimension  D  does  not  Include  mold  flash  or  protrusions. 
Mold  flash  or  protrusions  shall  not  exceed  0.010  In.  (0.25 
mm). 

5.  E  Is  the  dimension  to  the  outside  of  the  leads  and  Is 
measured  with  the  leads  perpendicular  to  the  base  plane 
(zero  lead  spread). 

6.  Dimension  E-|  does  not  include  mold  Hash  or  protrusions. 

7.  Package  body  and  leads  shall  be  symmetrical  around 
center  line  shown  In  end  view. 

8.  Lead  spacing  e  shall  be  non-cumulative  and  shall  be 
measured  at  the  lead  tip.  This  measurement  shall  be  made 
before  Insertion  Into  gauges,  boards  or  sockets. 

9.  This  Is  a  basic  Installed  dimension.  Measurement  shall  be 
made  with  the  device  Installed  In  the  seating  plane  gauge 
(JEDEC  Outline  No.  GS-3,  seating  plane  gauge).  Leads 
shall  be  In  true  position  within  0.01 0  In.  (0.25  mm)  diameter 
for  dimension  e^. 

10.  eg  Is  the  dimension  to  the  outside  of  the  leads  and  is 
measured  at  the  lead  tips  before  the  device  Is  installed. 
Negative  lead  spread  Is  not  permitted. 

11.  N  is  the  maximum  number  of  lead  positions. 

12.  Dimension  Dj  at  the  left  end  of  the  package  must  equal 
dimension  D\  at  the  right  end  of  the  package  within  0.030 
In.  (0.76  mm). 

1 3.  Pointed  or  rounded  lead  tips  are  preferred  to  ease  Insertion. 

14.  For  automatic  Insertion,  any  raised  Irregularity  on  the  top 
surface  (step,  mesa,  etc.)  shall  be  symmetrical  about  the 
lateral  and  longitudinal  package  cents rllnes. 


(E)  Suffix  (JEDEC  MS-011-AB) 
28-Lead  Dual-ln-Line  Plastic  Package 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.250 

6.35 

9 

*1 

0.015 

0.39 

9 

A2 

0.125 

0.195 

3.18 

4.95 

B 

0.014 

0.022 

0.356 

0.558 

Bl 

0.030 

0.070 

0.77 

1.77 

3 

C 

0.008 

0.015 

0.204 

0.381 

D 

1.380 

1.565 

35.1 

39.7 

4 

Dl 

0.005 

0.13 

12 

E 

0.600 

0.625 

15.24 

15.87 

5 

El 

0.485 

0.580 

12.32 

14.73 

6,7 

e 

0.100  BSC 

2.54  BSC 

8 

eA 

0.600  BSC 

15.24  BSC 

9 

eB 

0.700 

17.78 

10 

L 

0.115 

0.200 

2.93 

5.08 

9 

N 

28 

28 

11 

92CS-40001 


ItATING  PLANE 


GAUGE  PLANE 
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BOTTOM  // 


BOTTOM  VIEW 
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Refer  to  JEDEC  Publication  No.  95  for  Rules  for  Dimensioning 
Axial  Lead  Product  Outlines. 

1.  When  this  device  is  supplied  solder-dipped,  the  maximum 
lead  thickness  (narrow  portion)  will  not  exceed  0.01 3  In.  (0.33 
mm). 

2.  Leads  within  0.005  In.  (0.1 27  mm)  radius  of  True  Position  (TP) 
at  gauge  plane  with  maximum  material  condition. 

3.  eA  applies  In  zone  L2  when  unit  Is  Installed. 

4.  Applies  to  spread  leads  prior  to  installation. 

5.  N  Is  the  maximum  quantity  of  lead  positions. 

6.  N1  Is  the  quantity  of  allowable  missing  leads. 


(F)  Suffix  (JEDEC  MO-001-AB) 

14-Lead  Dual-ln-Line  Frit-Seal  Ceramic  Package 


(F)  Suffix  (JEDEC  MO-001-AC) 

16-Lead  Dual-ln-Line  Frit-Seal  Ceramic  Package 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

INCHES 

MILLIMETERS 

SYMBOL 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.155 

0.200 

3.94 

5.08 

A 

0.155 

0.200 

3.94 

5.08 

*1 

0.020 

0.050 

0.51 

1.27 

A1 

0.020 

0.050 

0.51 

1.27 

B 

0.014 

0.020 

0.356 

0.508 

B 

0.014 

0.020 

0.356 

0.508 

*1 

0.050 

0.065 

1.27 

1.65 

B1 

0.035 

0.065 

0.89 

1.65 

C 

0.008 

0.012 

0.204 

0.304 

1 

C 

0.008 

0.012 

0.204 

0.304 

1 

D 

0.745 

0.770 

18.93 

19.55 

D 

0.745 

0.785 

18.93 

19.93 

E 

0.300 

0.325 

7.62 

8.25 

E 

0.300 

0.325 

7.62 

8.25 

El 

0.240 

0.260 

6.10 

6.60 

E1 

0.240 

0.260 

6.10 

6.60 

•l 

0.100  TP 

2.54  TP 

2 

e1 

0.100  TP 

2.54  TP 

2 

«A 

0.300  TP 

7.62  TP 

2.  3 

eA 

0.300  TP 

7.62  TP 

2,  3 

L 

0.125 

0.150 

3.18 

3.81 

L 

0.125 

0.150 

3.18 

3.81 

L2 

0.000 

0.030 

0.00 

0.76 

L2 

0.000 

0.030 

0.00 

0.76 

a 

0° 

15° 

0° 

15° 

4 

a 

0° 

15° 

0° 

15° 

4 

N 

14 

14 

5 

N 

16 

16 

5 

Nl 

0 

0 

6 

N1 

0 

0 

6 

°1 

0.040 

0.075 

1.02 

1.90 

Qi 

0.040 

0.075 

1.02 

1.90 

S 

0.065 

0.090 

1.66 

2.28 

s 

0.015 

0.060 

0.39 

1.52 

92SS-4296R3 

92CM-15967R4 

(F)  Suffix 

(F)  Suffix  (JEDEC  MO-015-AA) 

20-Lead  Dual-ln-Line  Frit-Seal  Ceramic  Package 

24-Lead  Dual-ln-Line  Frit-Seal  Ceramic  Package 

SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.120 

0.250 

3.10 

6.30 

A 

0.120 

0.250 

3.10 

6.30 

*1 

0.020 

0.070 

0.51 

1.77 

A1 

0.020 

0.070 

0.51 

1.77 

B 

0.016 

0.020 

0.407 

0.508 

B 

0.016 

0.020 

0.407 

0.508 

"»1 

0.028 

0.070 

0.72 

1.77 

Bl 

0.028 

0.070 

0.72 

1.77 

C 

0.008 

0.012 

0.204 

0.304 

1 

C 

0.008 

0.012 

0.204 

0.304 

1 

D 

0.942 

0.990 

23.93 

25.15 

D 

1.200 

1.290 

30.48 

32.76 

E 

0.300 

0.325 

7.62 

8.25 

E 

0.600 

0.625 

15.24 

15.87 

E1 

0.240 

0.280 

6.10 

7.11 

E1 

0.515 

0.580 

13.09 

14.73 

•1 

0.100  TP 

2.54  TP 

2 

e1 

0.100  TP 

2.54  TP 

2 

•a 

0.300  TP 

7.62 

TP 

2,3 

eA 

0.600  TP 

15.24  TP 

2,3 

L 

0.100 

0.200 

2.54 

5.00 

L 

0.100 

0.200 

2.54 

5.00 

•-2 

0.000 

0.030 

0.00 

0.76 

L2 

0.000 

0.030 

0.00 

0.76 

a 

0°C 

15°  C 

0°C 

1S°C 

4 

a 

0°C 

15°C 

0°C 

15°C 

4 

N 

20 

20 

5 

N 

24 

24 

5 

•*1 

0 

0 

6 

N1 

0 

0 

6 

°1 

0.040 

0.075 

1.02 

1.90 

°1 

0.040 

0.075 

1.02 

1.90 

S 

0.040 

0.100 

1.02 

2.54 

S 

0.040 

0.100 

1.02 

2.54 

92CM-35137R1 


92CS-26938R3 


-Dimensional  Outlines 


a  r  nn  n 


INDEX 
/"  AREA 


Dual-ln-Line  Surface  Mount  Plastic  Packages 


SEATING  PLANE 


/  — *j  ^ —  h  x  45 

»  /  v  


NOTES: 

1.  Refer  lo  applicable  symbol  list. 

2.  Dimensioning  and  tolerancing  per  ANSI 
Y14.5M-1982. 

3.  "T"  is  a  reference  datum. 

4.  "D"  and  "E"  are  reference  datums  and  do  not  include 
mold  flash  or  protrusions.  Mold  flash  or  protrusions 
shall  not  exceed  .15mm  (.006  in.). 

5.  The  chamfer  on  the  body  is  optional.  If  it  is  not  pres- 
ent, a  visual  index  feature  must  be  located  within  the 
cross  hatched  area. 

6.  "L"  is  the  length  of  terminal  for  soldering  to  a 
substrate. 

7.  "N"  is  the  number  of  terminal  positions. 

8.  Terminal  numbers  are  shown  for  reference  only. 

9.  Controlling  dimensions:  MILLIMETERS. 


(M)  Suffix  (JEDEC  MS-012-AB) 

14-Lead  Dual-ln-Line  Surface-Mount  Plastic  Package 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.0532 

0.0688 

1.35 

1.75 

A1 

0.0040 

0.0098 

0.10 

0.25 

B 

0.0138 

0.0192 

0.35 

0.49 

C 

0.0075 

0.0098 

0.19 

0.25 

D 

0.3367 

0.3444 

8.55 

8.75 

4 

E 

0.1497 

0.1574 

3.80 

4.00 

4 

e 

0.050  BSC 

1.27  BSC 

H 

0.2284 

0.2440 

5.80 

6.20 

h 

0.0099 

0.0196 

0.25 

0.50 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 

N 

14 

1 

7 

cc 

0° 

8° 

0- 

Notes:  1,  2,  3,  8,  9  92CS-38924R1 


(M)  Suffix  (JEDEC-MS-012-AC) 

16-Lead  Dual-ln-Line  Surface-Mount  Plastic  Package 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.0532 

0.0688 

1.35 

1.75 

A1 

0.0040 

0.0098 

0.10 

0.25 

B 

0.0138 

0.0192 

0.35 

0.49 

C 

0.0075 

0.0098 

0.19 

0.25 

D 

0.3859 

0.3937 

9.80 

10.00 

4 

E 

0.1497 

0.1574 

3.80 

4.00 

4 

e 

0.050  BSC 

1.27  BSC 

H 

0.2284 

0.2440 

5.80 

6.20 

h 

0.0099 

0.0196 

0.25 

0.50 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 

N 

16 

1 

7 

cc 

0° 

8° 

f  - 

Notes:  1,  2,  3,  8,  9  92CS-38925R1 


(M)  Suffix  (JEDEC-MS-013-AC) 

20-Lead  Dual-ln-Line  Surface-Mount  Plastic  Package 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.0926 

0.1043 

2.35 

2.65 

*1 

0.0040 

0.0118 

0.10 

0.30 

B 

0.0138 

0.0192 

0.35 

0.49 

C 

0.0091 

0.0125 

0.23 

0.32 

D 

0.4961 

0.5118 

12.60 

13.00 

4 

E 

0.2914 

0.2992 

7.40 

7.60 

4 

e 

0.050  BSC 

1.27  BSC 

H 

0.394 

0.419 

10.00 

10.65 

h 

0.010 

0.029 

0.25 

0.75 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 

N 

20 

2 

I 

7 

cc 

0" 

8° 

0° 

8° 

(M)  Suffix  (JEDEC  MS-013-AD) 

24-Lead  Dual-ln-Line  Surface-Mount  Plastic  Package 


SYMBOL 

IN 

=HES 

MILLIM 

ETERS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

0.0926 

0.1043 

2.35 

2.65 

*1 

0.0040 

0.0118 

0.10 

0.30 

B 

0.0138 

0.0192 

0.35 

0.49 

C 

0.0091 

0.0125 

0.23 

0.32 

D 

0.5985 

0.6141 

15.20 

15.60 

4 

E 

0.2914 

0.2992 

7.40 

7.60 

4 

e 

0.050  BSC 

1.27  BSC 

H 

0.394 

0.419 

10.00 

10.65 

h 

0.010 

0.029 

0.25 

0.75 

5 

L 

0.016 

0.050 

0.40 

1.27 

6 

N 

24 

24 

7 

cc 

0" 

8° 

0° 

8" 

Notes:  1,2,3,8,9 


92CS-38926R1 


Notes:  1,2,3,8,9 


92CS-39037R1 


